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ABSTRACT
Lodging Capacity Optimization: Application of an Inventory 
Model to China’s Lodging Industry
by
Tianshu Zheng
Dr. Zheng Gu, Examination Committee Chair 
Professor of Hotel Administration 
University o f Nevada, Las Vegas
Sinee China deeided to promote tourism in 1978, the rapidly inereasing number of 
foreign visitors has eontinuously put pressure on China’s tourism infrastrueture and 
serviee faeilities. To keep up with the demand, China’s hotel industry has been 
expanding at a growth rate that is faster than that o f foreign visitors. In 1990s, the 
overdevelopment beeame a problem eonfronting the China’s hotel industry. However, 
the hotel supply has eontinuously been inereasing beyond the demand. Severe 
overeapaeity is likely to oeeur in China’s hotel industry.
Using time series analysis and single-period inventory model, this dissertation 
estimates the optimal eapaeity for both China’s and Shanghai’s high-end hotel segment 
for future four years. The estimated optimal eapaeity is then eompared with the expeeted 
room eapaeity to explore the possibility and magnitude o f future overeapaeity or under- 
eapaeity.
Data required for this study are eolleeted from Yearbook of China Tourism 
Statisties, China Hotel Industry Study, and other related publieations from the National
iii
Tourism Administration of People’s Republic of China and the Shanghai Municipal 
Tourism Administrative Commission.
The estimated optimal capacity for future four years suggests that both Shanghai’s 
and China’s high-end hotel segments are experieneing over-eapacity, and will continue 
for approximate one and half years. After the demand catehes up with the supply, both 
China’s and Shanghai’s high-end hotel segment needs to expand at a slightly higher rate. 
In addition, the foreeasted future demand o f both China’s and Shanghai’s three-star rated 
hotels also shows an upward trend in future four years.
The results of the study are expeeted to provide investors, hospitality praetitioners, 
and loeal government with a useful tool for scientifie eapaeity planning to avoid 
unnecessary future under- or overdevelopment. It is also expeeted that this study will 
address the gap in the literatures of destination eapaeity optimization.
IV
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CHAPTER 1 
INTRODUCTION
The lodging industry provides guests with overnight accommodations (Hayes & 
Ninemeier, 2006). Its capaeity is highly related to the number of travelers. Together 
with the fast growing global tourism, the lodging industry has been expanding at an 
astonishing rate aeross the world. International tourism reeeipts increased from US$264 
billion in 1990 to US$735 billion in 2006 with total international tourist arrivals of 842 
million (WTO, 2007). In its Tourism 2020 Vision, UN WTO foreeasted that the number 
of international tourist arrivals would reaeh 1.6 billion by the year 2020. To meet the fast 
growing demand, the lodging industry has also been growing rapidly. As of 2005, the 
United States alone reported 47,590 hotel properties and 4,402,466 guestrooms (AH&LA, 
2006). As of October 1, 2006, the U.S. new-build pipeline has 3,570 projects with 
489, 380 rooms (Meeting News, 2006). Furthermore, many major hotel chains are 
increasing room inventories worldwide. According to Meeting Industry Megasite (2007), 
a product of Nelson Publication, Aeeor is inereasing its rooms by 200,000 through 2010, 
which is about a 43% increase over its room count of 2005; Marriot is planning a 100,000 
room  or 20% increase from 2007 to 2009; and InterContinental has 143,600 room s in 
pipeline representing a 20% increase of its room inventory.
While experieneing fast expanding, the lodging industry has also become more 
sophisticated and luxurious, which results in larger investment in hotel properties. In the
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past century, the lodging industry has developed from a simple business activity that 
provided accommodation to travelers to a sophisticated industry that provide multiple 
services and amenities. In this fast changing industry, hotel properties have developed 
from mere places to sleep to luxury mega-resorts that provide multiple services and cost 
billions of dollars to build. Recent predictions by some business analysts indicate that 
luxury tourism is one of the most lucrative markets (Crener, 2007), an impression that 
continues to encourage the development of luxury hotel properties. The most costly hotel 
in the world is the Emirates Palace in Abu Dhabi with construction cost o f over US$3 
billion. The Palace provides guests not only with luxury overnight accommodations, but 
also with many other lavish services, such as dining, entertaining, tennis, diving, and 
shopping. However, the Emirates Palace is unlikely to keep the trophy for very long.
The trend of pursuing luxury has encouraged investors to spend their money on more and 
more luxurious properties. According to Bloomberg, Asian Coast Development Ltd, a 
Toronto-based developer part owned by Harbinger Capital Partners, plans to invest 
USD4.5 billion to build Vietnam’s first casino resort, expected to be completed by 2010 
(“Canada’s Asian Coast”, 2008). In addition, on November 26*'’, 2007, Chongqing,
China announced a new hotel project that will cost approximate RMB 10 billion 
(“Chongqing is planning”, 2007), which is worth approximate USD1.35 billion based on 
the exchange rate provided by Yahoo Finance on December 8, 2007. Hangzhou is 
planning a luxury hotel project that will cost approximately USD0.6 billion (“Hangzhou 
is planning”, 2008).
As hotel properties become larger and more costly, more risk is involved in 
investing in the lodging industry. Careful planning for future capacity is critical for a
successful investment. However, because of insufficient planning, hotel properties are 
often developed either faster than actual demand, which results in overcapacity, or slower 
than actual demand, which results in under-eapaeity, therefore causing unnecessary losses. 
It is thus necessary to develop hotel properties based on carefully estimated optimal 
eapaeity to avoid unnecessary future loss. Certain eharaeteristies of the lodging industry, 
such as perishability, fixed eapaeity, seasonality, and heavy initial outlays, also indicate 
that it is important for lodging eapaeity not to overgrow the market demand. However, 
this area has been very thinly researched; and the limited o f hotel capacity models 
proposed in previous study are not able to cope with the unique characteristics o f the 
lodging industry.
Anderson et al. (2006) proposed single-period inventory model for optimal 
eapaeity estimation. The model has been applied to the manufacturing firms that have 
probabilistic demand and products that can only be sold in the current period. However, 
very few practical or theoretical applications of the model were found for hotel room 
inventory optimization. This dissertation seeks to address the gap in the literature by 
applying the single-period inventory model for the lodging industry.
Objectives of the Study
The research objectives o f the study stem from a proposed single-period inventory 
model and time-series forecasting model for lodging capacity optimization for China, 
particularly in Shanghai. The time-series forecasting model is used to identify patterns of 
demand in previous years and extrapolate these patters into the future (Dielman, 2005). 
Then, applying the single-period inventory model, the study attempts to identify the
optimal future room capacity and optimal future rates of room increase for China and its 
largest and fastest growing city, Shanghai.
Anderson et al. (2001) indicates that the single-period inventory model explicitly 
treats probabilistic demand, and is for a single period with unused inventory not carried 
over to future periods. This dissertation posits that the single-period inventory model 
copes with two major unique characteristics of the lodging industry, namely uncertain 
demand and perishability, and therefore is appropriate for hotel room capacity estimation. 
Together with the time-series forecasting model, the single-period inventory model was 
used to estimate the optimal hotel capacity.
China’s Lodging Industry 
Contemporary tourism in China began in 1978, the first year of China’s economic 
reform. China had practically no hotel industry before 1978, as the number of 
international tourists visiting China was minimal at the time. In 1978, fewer that 2 
million international tourists generated only a quarter of a billion US dollars.
However, during the past three decades, the world has witnessed a boom not only 
in China’s economy, but also in its tourism industry. According to the National Bureau 
of Statistics o f China, the nation’s Gross Domestic Product (GDP) has been growing at 
an average annual rate of 9.6%. Like its economy, China’s tourism industry has also 
been growing rapidly. Table 1 indicates that China ranked the forth in number of 
international tourist arrivals in 2005 and 2006.
Table 1
World's Top Tourism Destinations (international tourist arrivals in millions)
2006
Rank Country
2005
Arrivals
2006
Arrivals
Change
05/04
Change
06/05
1. France 75.9 79.1 1.0% 4.2%
2. Spain 55.9 58.5 6.6 4.5
3. United States 49.2 51.1 6.8 3.8
4. China 46.8 49.6 I2.I 6.0
5. Italy 36.5 41.1 -1.5 12.4
6. United Kingdom 28.0 30.7 9.2 9.3
7. Germany 21.5 23.6 6.8 9.6
8. Mexico 21.9 21.4 6.3 -2.6
9. Austria 20.0 20.3 3.0 1.5
10. Russian Federation 19.9 20.2 0.2 1.3
Source: World Tourism Organization (WTO)
WTO also forecasted that China will become the largest tourist destination by 
2014 (“China Heading”, 2007). Further, China’s aeeession to the World Trade 
Organization in Deeember, 200land sueeessful bid for both 2008 Olympie Games and 
2010 World Exposition have attraeted large amount o f visitors and business travelers 
from around the world. It is also expeeted that, after those events are over, their impaet
will continue to bring large number of international visitors to China. The fast growing 
number o f foreign arrivals indicates a steady increase in the demand for hotel services.
The hotel sector is an integral part o f a nation’s tourism industry. In China, the 
hotel industry has been playing a major role in the development of the international 
tourism industry. In the past three decades, the hotel industry has witnessed rapid growth 
in room eapaeity at an approximate annual rate o f growth o f 16.5% (NTAPRC, 2007).
As the number of foreign arrivals increases, the demand for hotel services has put 
eontinuous pressure on China’s infrastructure development, including on the hotel 
industry.
To keep up with the demand, China’s hotel industry has been expanding rapidly. 
When China first opened its door in 1978, the sudden influx o f foreign tourists and 
business travelers created a huge demand for its hotel industry. Hotel development was 
therefore considered a very important part o f China’s tourism industry, and was given 
priority in China’s sixth Five-Year Plan (1981 - 1985) for Economic and Social 
development (Yu, 1992). From 1978 to 2006, the number of hotels increased from 137 to 
12,800; and the number of hotel rooms increased from 15,539 to 1.5 million. 
Consequently, the supply of hotel rooms appeared to expand beyond the demand. In the 
1990s, overdevelopment beeame a problem confronting the Chinese Government (Zhang 
et ah, 2005; Yu, 1992).
Gu (2003) also indicated that one of the major problems in China’s lodging 
industry was its overdevelopment. Using occupancy rates, ADR, REVPAR, and Net 
Income Per Available Room (NIPAR) of China’s lodging industry from 1991 through 
2000, Gu (2003) demonstrated the severe consequences o f overdevelopment. Together
with the decreasing occupancy rates, REVPAR dropped from USD 14.99 in 1992 to USD 
-3.47 in 2000; and NIPAR decreased to below zero in 1998, 1999, and 2000. Although 
occupancy rates rose in 1999 and 2000, it was achieved at the cost o f lower ADR, which 
has been a common yet passive and ineffective practice taken by China’s lodging 
industry to deal with overeapaeity. To solve the problem, Gu (2003) also proposed 
several solutions, among which is prudent growth that requires governmental control.
However, the situation wasn’t improved. Instead of careful planning and prudent 
growth, China’s lodging industry has been growing at a much faster rate after 2000 in the 
already saturated market. This is especially true for its high-end segment. Given that the 
target market of high-end hotels is foreign visitors, the number of foreign visitors is used 
as one of the criteria to evaluate the room capacity in the high-end segment. Table 2 
indicates that from 2000 to 2005, while the number of foreign visitors was increasing by 
approximate 59%, the number o f rooms of five-star rated hotels and four-star rated hotels 
increased by 155% and 242%, respectively.
Regardless o f the persistent overdevelopment problems it has been having, 
China’s hotel industry is experieneing a boom. According to Lodging Econometrics, by 
the end o f 2006, China has the largest development pipeline in the region with 316 
projects and 107,725 hotel rooms; and it is second globally only to the United States 
(“Study: Chinese”, 2006). The number of rooms is 63% of the total in the entire Asian 
pipeline (“Study: Chinese”, 2006). The large number of ongoing projects in an already 
saturated market implies severe overcapacity in the near future. The purpose of this 
dissertation is to identify an optimal eapaeity for China’s lodging industry based on
estimated future demands and to help the industry to avoid possible serious future 
overcapacity or under-eapaeity.
Table 2
Changes o f  Hotel Capacity and Number o f  Foreign Tourists in China (2000 - 2005)
Year # of
Foreign Tourists
# o f Rooms in 
Star-Rated Hotels
# o f Rooms in 
5-star Rated 
Hotels
# of Rooms 
in 4-star 
Rated Hotels
2000 31,228,800 594,678 45,208 84,890
2001 33,166,700 816,260 50,342 106,063
2002 36,802,600 897,206 64,899 143,478
2003 32,970,500 992,804 69,576 157,610
2004 41,761,400 1,237,851 87,386 222,161
2005 46,809,000 1,332,083 106,532 240,448
2006 49,613,400 1,459,836 115,164 289,983
Changes +58.87% +145.48% + 154.74% +241.60%
Sowrce: NTAPRC (2001 - 2007)
This dissertation focuses on China’s tourist hotels. With data from NTAPRC 
(1993 - 2007), this dissertation uses time-series forecasting modeling and single period 
inventory model to estimate the annual optimal room eapaeity and annual optimal rate of 
increase for China’s high-end hotels for 2008, 2009, 2010, and 2011. The demand on
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China’s three-star rated hotels is also forecasted for the same time periods using the time- 
series forecasting model.
Shanghai’s Lodging Industry
This dissertation focuses on Shanghai particularly because o f its special and 
outstanding economic position in the nation. Shanghai has 1% o f China’s total 
populations and contributes about 5% of the nation’s GDP (Shanghai, n.d.). Since 1992, 
Shanghai’s GDP has been inereasing at an average annual rate that is 2.8% higher than 
the rest o f the nation (Han, n.d.). The city has attraeted approximately $120 billion of 
foreign direct investment (FDI) sinee 1992, including $14.6 billion in 2006, which was 
about 23% of China’s total that year (Balfour, 2007). The portion of FDI in Shanghai’s 
hotel industry also has been inereasing due to the rapid growth of its tourism industry and 
the increasing number of foreign tourists. According to a report from China Daily 
(“Foreign Firms”, 2006), foreign investors have begun showing increasing interest in 
China’s hotel industry; and Shanghai, an investor-friendly city, is one o f the most 
preferred investment locations. In its Hotel Investment Outlook, Jones Lang LaSalle 
Hotels (2007) presented Shanghai as one of the ideal cities for hotel investment in terms 
of both risk and return in the Asia Pacifie area.
According to a report from Sou Fun (2007), a real estate research company based 
in Beijing, China, FDI in Shanghai’s hotel industry has been showing much more interest 
in high-end hotels than in other segments. Despite much larger capital outlays required 
for high-end hotels, their higher average daily rate (ADR) ensures high profitability and 
makes the segments more attractive (Sou Fun, 2007). Since 2000, the ADR of 
Shanghai’s high-end hotels has risen rapidly and now ranks Number 3 among all Asian
destinations, following that of Tokyo and Hong Kong (“Room Rates”, 2006). Properties 
opened in 2006 and 2007 include some of the world’s well-known brands, such as 
Sheraton, Hyatt, and Westin (“Room rates”, 2006). Indeed, high-end hotel segments 
have become the hottest areas for hotel investment in Shanghai.
With abundant investment and promising future demand, like that of the nation, 
Shanghai’s lodging industry also has been expanding rapidly, and has the nation’s largest 
pipeline (“Study: Chinese”, 2006). After wining the bid to host the 2010 World 
Exposition, Shanghai, anticipating a large room demand due to the Expo, has seen a new 
surge in hotel construction, especially in the high-end hotel segment. According to the 
Shanghai Municipal Tourism Administrative Commission (SMTAC) (2007), there are 
currently 58 high-end hotel projects in Shanghai’s pipeline, which is more than 40% of 
the nation’s total of 134; and all are expeeted to be completed by 2010. Almost all of the 
nineteen district governments in Shanghai put hotel development, especially high-end 
properties as the top priority in their 11th Five-year Plan (2006 - 2010) for economic and 
social development (Sou Fun, 2007). The new openings will be evenly allocated over 
several years into the future, which indicates that Shanghai's pipeline is timed for the 
World Expo that it will host in 2010 (“Study: Chinese”, 2006).
To meet the lodging demand for the 2010 World Expo, Shanghai is rapidly 
expanding its high-end hotel segments, with support from loeal governments and an 
active FDI involvement. Shanghai definitely needs sufficient high-end hotel rooms to 
accommodate international visitors; but the question is: How many or what is the optimal 
quantity? Hotel investments, especially investments in high-end hotels, involve large 
amounts o f capital and long payback periods, and, therefore, need careful long-term
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planning. Decisions on hotel investments should be made based on a careful weighing of 
long-term benefits versus costs rather than on a few years’ high ADRs or a one-time 
event such as World Expo alone. China’s lodging industry suffered from serious 
overcapacity in the late 1990s; and low occupancy forced the industry into net losses 
three years in a row, from 1998 through 2000 (Gu, 2003). The same situation should not 
reoccur in Shanghai.
However, based on the current hotel development schedule, overcapacity is very 
likely to occur in Shanghai’s high-end hotel segment. As part o f its endeavor, this 
dissertation will attempt to determine the optimal monthly capacity based on forecasted 
monthly demand for Shanghai’s high-end hotels from 2008 to 2011, thus providing some 
benchmarks for hotel investors and developers to consider in their planning for high-end 
hotel developments in Shanghai.
Three-star Rated Hotels 
In addition to four- and five-star rated hotels, this dissertation also focuses on 
China’s and Shanghai’s three-star rated hotels because of their unique situation. This 
mid-seale segment played a very important role in China’s lodging industry. In the late 
1980s and early 1990s, there were only very limited numbers of high-end hotels in China. 
Three-star rated hotels often were the only option for foreign tourists. Furthermore, 
budget hotels didn’t emerge in China until the late 1990s, which also made three-star 
rated hotels the top choice for domestic business travelers for a decade.
However, the strong demand for three-star rated hotels did not last very long. All 
segments of China’s hotel industry have been expanding at astonishing rates in past two
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decades. Inereasing numbers of high-end hotels in the nation were been attracting 
wealthy tourists from three-star rated hotels (Chen, 2008). Meanwhile, on the other hand, 
budget hotels, including many world famous chains, started expanding rapidly in China, 
especially in major cities. Compared to staying in three-star hotels, tourists are able to 
live in budget hotels and receive similar services at cheaper rates (Chen, 2008).
Therefore, three-star rated hotels started facing financial difficulties sinee the mid-1990s. 
Table 3 shows that China’s three-star rated hotels started showing a negative Net Income 
per Available Room sinee 1997; both ADR and RevPar has been decreasing sinee 1994. 
There hasn’t been any positive return on investment in China’s three-star rated hotels in 
the past decade.
However, regardless of low profitability and losing market share, like other 
segments, especially high-end hotels, China’s three-star rated hotels was been expanding 
rapidly. The number o f rooms increased from 94,700 in 1994 to 598,455 in 2006 at an 
average annual rate o f 44.33%, eompared to 52.22% and 37.37% for four- and five-star 
rated hotels, respectively. Surprisingly, the numbers in Table 3 suggest that the demand 
has been growing together with the room eapaeity. The slight increase in occupancy rate 
and slight decrease in losses in recent years indicate that, although the market 
environment has been changing, the demand for three-star rated hotels has been 
inereasing. So, why do three-star rated hotels keep showing negative income? Has this 
sector been expanding too fast? What would be the appropriate rate o f increase for 
China’s three-star rated hotels? This dissertation attempts to answer these questions by 
estimating future optimal annual rates o f increase for China’s three-star rated hotels from
12
2008 to 2011, to help practitioners and investors make scientific decisions to increase 
profitability and avoid unnecessary losses.
Table 3
China’s Three-star Rated Hotel Performance (1996 - 2006)
Year
Occupancy
%
ADR
(RMB)
RevPar
(RMB)
NIPAR
(RMB)
1994 63.2 626.51 395.95 25.9
1995 59.65 685.21 408.73 14.57
1996 57.8 633.92 366.41 2.46
1997 56.86 634.56 360.81 -5.82
1998 52.62 596.95 314.11 -28.79
1999 55.43 502.90 278.76 -25.28
2000 58.65 436.43 255.96 -23.58
2001 60.34 392.41 236.78 -18.62
2002 60.84 414.28 252.05 -19.2
2003 57.16 508.04 290.40 -16.93
2004 61.57 402.02 247.53 -9.3
2005 61.21 367.88 225.18 -10.62
2006 61.33 348.39 213.67 -8.92
Notes: RMB is Chinese currency, USD 1 = RMB 6.96 (June 5, 2008) 
ADR = average daily rate, REVPAR = revenue per available room, 
NIPAR = net income per available room. Source: NTAPRC (1995 - 2007)
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Table 4
Shanghai ’s Three-star Rated Hotel Performance (2000 - 2006)
Year
Occupancy
%
ADR
(RMB)
RevPar
(RMB)
NIPAR
(RMB)
2000 61.76 515.39 318.30 -21.65
2001 65.60 512.35 336.10 16.52
2002 69.67 531.10 370.02 6.08
2003 60.00 579.11 347.46 -10.54
2004 65.47 522.35 341.98 7.53
2005 63.02 682.85 430.33 10.99
2006 59.89 628.60 376.47 -1.26
Notes: RMB is Chinese currency, USD 1 = RMB 6.96 (June 5, 2008),
ADR = average daily rate, REVPAR = revenue per available room,
NIPAR = net income per available room. Source: NTAPRC (2001 - 2007).
Furthermore, this dissertation also focuses on Shanghai’s three-star rated hotels 
by trying to estimate monthly optimal capaeity from January, 2008, to December, 2011. 
Studying the three-star segment is meaningful for Shanghai’s hotel industry. Unlike the 
rest of the nation, except for the negative impact from SARS in 2003, Shanghai’s three- 
star rated hotels have been profitable until 2005 (Table 4). However, the Net Income per 
Available Room dropped to RMB-1.26 in 2006, while the number of rooms available 
decreased by about 1,500 during the year. To identify the changes and trends in market 
demand, taking into consideration the impact from the 2010 Shanghai World Expo, this
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dissertation uses monthly number o f room-nights sold of Shanghai’s three-star rated 
hotels from January, 2004, to December, 2007, to estimate the monthly optimal capacity 
for 48 months in the future.
The Gold Rush
In recently years, increasing numbers o f international hotel firms and tourism 
businesses have been expanding into the Chinese market, which Chon (2007) described 
as a Gold Rush. While it is true that there is “gold” in China and ready to be explored, 
the performance o f some international firms is not satisfactory. Many firms never have 
had any return from investing in China’s hotel industry. Many foreign hotel companies 
and investment firms are rushing into China without a thorough understanding o f the 
market (Chon, 2007). Table 5 shows the profitability of China’s hotel industry in past ten 
years. China’s hotel industry started suffering negative income since 1998, which was 
mainly caused by overdevelopment (Gu, 2003 & Yu, 1997). However, the rates of 
expansion, especially for high-end hotels, remained high. As Table 2 indicates, China’s 
high-end hotel segments have been growing at much faster rates than their target market, 
which caused the unbalanced development. Consequently, not until 2005 did China’s 
hotel industry start generating incomes.
Although the NIPAR (Table 5) has turned to positive in recent years, practically, 
there hasn’t been any return on investment in China’s hotel industry. Compared to the 
large capital investment in hotel industry, approximate USD 0.28 net income per room in 
2005 and approximate USD 0.84 net income per room in 2006 suggest that the room 
supply in the Chinese market remains larger than the demand, and it is not wise to rush 
into a saturated market without caution and a scientific market analysis.
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Table 5
China ’s Tourist Hotel Performance (1997 — 2006)
Year
Occupancy
%
ADR
(RMB)
RevPar
(RMB)
NIPAR
(RMB)
1997 56.08 681 382 10
1998 5229 619 323 -21
1999 54.34 525 285 -13
2000 57^8 483 278 -8
2001 58.45 438 256 -8
2002 60.15 464 279 -9
2003 56.14 483 271 -11
2004 60.62 452 274 0
2005 60.96 454 277 2
2006 61.03 456 278 6
Notes: RMB is Chinese currency, USD 1 = RMB 6.96 (June 5, 2008),
ADR = average daily rate, REVPAR = revenue per available room, NIPAR = net income 
per available room.
Source: NTAPRC (1998 - 2007).
Average Daily Room Rate (ADR) is often used as an important indicator of hotel 
performance. Many investors believe that the investment in China’s lodging industry 
involves low-risks and steady returns, especially in high-end segments in major cities, 
such as Shanghai and Beijing, because of high ADR in past several years. For example.
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ADR of Shanghai’s five-star rated hotels reached a record high of RMB 1450 in 2005 
(JLLH, 2005), and was the highest in Asia. However, those impressive ADRs were often 
not caused by factors other than strong demand. Chen (2007) indicated that although the 
supply had been greater than demand, Shanghai’s hotel industry, especially high-end 
hotels, had been experiencing slightly increasing ADR in past several years due to three 
major reasons: (1) rapidly increasing labor cost; (2) rising operating cost, such as energy; 
and (3) managers reported better financial performances of the properties. In other words, 
to absorb increasing cost and demonstrate strong performance, managers purposely 
increased room prices to maintain certain levels o f profitability. Unfortunately, this is not 
an effective measure in the long term. As Table 3 suggests, a high ADR didn’t bring a 
high NIPAR.
The Chinese government has realized the overcapacity issue in China’s lodging 
industry, especially in high-end segments. Effective in December, 2007, the high-end 
hotel segment has been categorized as one of the restricted areas for EDI. The guidance 
indicates that construction and operation of luxury hotels has been placed in the restricted 
category (NDRC, 2007), and has strictly limited the amount of FDI to be invested in 
high-end hotels.
However, what is the magnitude of overdevelopment issues in China’s hotel 
industry? How much more or less should China’s hotel industry expand? This 
dissertation tries to answer these questions by using time series analysis and a single 
period inventory model, based on historical demand, to predict future optimal demand in 
China’s and Shanghai’s five-, four-, and three-star rated hotels.
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Contributions of the Study 
The contribution of this study is two-fold. First, the study should provide 
investors and developers with a useful tool for scientific capacity planning to avoid 
unnecessary future under- or overdevelopment. As mentioned earlier, although the fast 
growth rate of China’s lodging industry suggests possible future overcapacity, the 
lodging industry in China is still expanding, and expecting even faster growth into the 
future several years (“Study: Chinese”, 2006). Although overcapacity caused big losses 
in China’s lodging industry in the late 1990s, to the best o f our knowledge, no effort has 
been made to avoid possible future overcapacity. This is more obvious in Shanghai. 
While there are some concerns over possible future hotel overcapacity in Shanghai 
(“Anticipating 70 million”, 2007), no effort has been made to identify the possibility and 
magnitude of hotel overcapacity or under-capacity for the years to come. To grow in a 
healthy manner and to maintain decent profitability in the long run, the Shanghai hotel 
industry, especially its high-end segment, needs to carefully plan the capacity based on 
demand and cost. While overcapacity hurts the profitability o f the industry, under­
capacity could cause sizeable opportunity losses. Neither situation is desirable. The 
finding of this dissertation is expected to provide useful insights for hotel investors, 
developers, industry leaders, and government in China, especially in Shanghai, to 
reassess their hotel expansion plans for next several years. Furthermore, the model 
developed in this dissertation also could be modified and applied to other destinations 
with similar situations, thus helping them avoid or minimize overcapacity or under­
capacity problems.
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Secondly, the finding of this study is expected to contribute to the body of 
knowledge of tourism and hospitality management. Destination lodging capacity 
optimization is a thinly researched area. An extensive search o f the literature has found 
only a very limited amount o f previous study in this area. This study attempts to develop 
quantifiable measurements for identifying optimal room capacity, overcapacity, and 
under-capacity. The finding of the study is expected to enrich research in the area of 
capacity optimization for tourism and hospitality development.
Definitions
1. Capacity: The number o f units a facility can hold, receive, store, or produce in a 
period o f time (Heizer & Render, 2007, pp 228). For production, it represents the amount 
that a firm can produce per unit of time; for input, it represents the amount o f input that a 
firm can use in production per unit o f time (Weil & Maher, 2005). Capacity is often used 
by a firm to allocate fixed costs (Weil & Maher, 2005).
2. Capacity o f Hotel Industry: Hotel room stock is measured in terms of room nights 
available. For the purpose o f this dissertation, it is calculated by multiplying the number 
o f rooms by number of nights during a period.
3. Capacity Cost: See Fixed Cost.
4. Cost of Overcapacity (Co): Cost per unit o f overcapacity. This cost represents the 
loss of ordering one additional unit and finding that it cannot be sold (Anderson et al.,
2006). For the purpose o f this study, the Cost of Overcapacity, or Co, equals the fixed 
cost per room night available.
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5. Cost of Under- Capacity (Cu): Cost per unit o f under-capacity. This cost represents 
the opportunity loss of not ordering one additional unit and finding that it could have 
been sold (Anderson et al., 2006). For the purpose of the study, the Cost o f Under- 
Capacity, or Cu, is defined as income before tax per room night sold.
6. Demand: The demand on hotel rooms can be measured in many different ways, such 
as occupancy rates, room rates, room nights sold, and sales revenue (Philips, 1997). For 
the purpose o f this dissertation, demand is measured by the number o f room nights sold 
because it is comparable to room stock, which is measured as the number o f room nights 
available.
7. Expected Room Capacity: The actual room capacity in the future. Figures are 
obtained from governmental and / or professional publications. In this dissertation, this 
capacity is compared with estimated future optimal capacity to reveal the possibility and 
magnitude of future over- or under-capacity in the hotel industry.
8. Fixed Cost: Also called Constant Cost, fixed cost is an expenditure or expense that 
does not vary with volume of activity. It continues even if no output is produced. 
Examples include depreciation, taxes, debt, and mortgage payment.
9. Foreign Direct Investment (FDI): Investment made by a foreign individual or 
company in China. FDI is a measure o f foreign ownership o f productive assets, such as 
factories, mines and land. Five types of FDIs exist in China: Sino-foreign equity joint 
venture (EJV), Sino-foreign contractual (or cooperative) joint venture (CJV), wholly 
foreign-owned enterprise (WFO), joint development (JD), and Foreign-funded joint-stock 
limited company. For the purpose of this dissertation, the term Foreign Direct 
Investment or FDI represents all or any of the above five types o f investment.
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10. Foreign Visitors/Arrivals: Foreign Visitors/Arrivals represent visitors who come to 
mainland China from abroad, including visitors from Hong Kong, Taiwan, and Macau. 
Foreign Visitors and Foreign Arrivals are used interchangeably in this dissertation.
11. High-end Hotels: This is a commonly used term in China’s lodging industry to 
represent four- and five-star rated hotels. This dissertation focuses on high-end hotels in 
Shanghai and in China.
12. Hotel: UK’s Hotel Proprietors Act o f 1956 defines an inn (which includes hotel) an 
establishment held out by the proprietor as offering food, drink, and if so required, 
sleeping accommodation, without special contract, to any traveler presenting himself who 
appears able and willing to pay a reasonable sum for the services and facilities provided, 
and who is in a fit state to be received.
13. Lodging Industry (Hotel Industry): Hayes & Ninemeier (2006) define the lodging 
industry as an industry that includes hotels and other businesses that provide guests 
overnight accommodations. However, only hotels are included in this study. Hotel 
Industry and Lodging Industry are used interchangeably in this dissertation.
14. Mid-scale Hotels: This is a commonly used term in China’s lodging industry to 
represent three-star rated hotels. In addition to high-end hotels, this dissertation also 
focuses on three-star rated hotels in Shanghai and in China.
15. Number of Room Nights Available. See of Hotel Industry
16. Optimizing: A process making something as effective, perfect, or useful as possible. 
The focus of this study is to optimize the hotel capacity, or number o f room nights 
available, to help practitioners maximize income.
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17. Optimal Capacity: The estimated appropriate capacity an industry should have. In 
the study, optimal capacity is identified by the model based on predicted demand and the 
cost ratio.
18. Overcapacity (Oversupply): For the purpose of this study, overcapacity is defined as 
the part of hotel capacity (or number of room nights available) that exceeds the identified 
optimal capacity.
19. Room Inventory: See Capacity of Hotel Industry
20. Room Nights: It is calculated by multiplying the number of rooms by the number of 
nights during a period. As a measuring unit. Room Nights is used for both supply of 
hotel rooms and demand for hotel rooms in the study, which are room nights available 
and room nights sold, respectively.
21. Star-rated Hotels: Hotels in China are rated by local authorities using a star-rating 
system. Based on standards such as quality of services, size o f hotel, and amenities 
available, every hotel is rated as one o f the one-star through five-star rated categories 
with one-star rated the lowest and five-star rated the highest. This study focuses on all 
star-rated hotels in China and high-end hotels in Shanghai.
22. Under-Capacity (Undersupply): For the purpose of this study, under-capacity is 
defined as the part of hotel capacity (or number o f room nights available) that is less than 
the identified optimal capacity.
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Limitations and Delimitations of the Study 
Limitations
Limitations o f this dissertation were mainly caused by limited availability o f data. 
This study used secondary data that mainly collected from the Yearbooks o f China 
Tourism Statistics and Supplements (NTAPRC, 1993 - 2007), the China Hotel Industry 
Study, and the Shanghai Municipal Tourism Administrative Commission. However, the 
National Tourism Administration o f the People’s Republic o f China (NTAPRC) has been 
preparing the Yearbooks differently from the customary way similar reports are prepared 
in the United States. Therefore, many frequently used financial indicators could only be 
obtained through complicated multi-step calculations or estimations, which might cause 
slight inaccuracy in results.
Delimitations
There are two delimitations in this dissertation. First, this dissertation only 
focused on three-, four-, and five-star rated hotels in China and Shanghai. One- and two- 
star rated hotel segments and budget hotel segments are excluded from the study because 
of two reasons. 1) The required cost information wasn’t available. To use the single­
period inventory model, income per room night sold and fixed cost per room night 
available are required. Since the cost information wasn’t available for one- and two-star 
rated hotels and budget hotels in China, these three segments were excluded from the 
study. 2) Studying one- and two-star rated hotels, which are low-end segments, doesn’t 
seem to have mueh practical implication. As an increasing number of budget hotels 
appear in the market, one- and two-star rated hotels lose large share o f market.
Compared to other hotel segments, one- and two-star rated hotel segments have been
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expanding at much lower, or even at negative, rates. From 2001 to 2006, two-star rated 
hotels expanded at an average annual rate o f 3.5%; and one-star rated hotels expanded at 
an average annual rate of -3% (NTAPRC, 2002 - 2007). Neither segment has had any 
return on investment in the past five years. Due to low market demand, many low-end 
hotels already have been closed (Wen, 2008 & Sohu Travel, 2007). Sohu Travel, one of 
the popular travel websites in China, has predicted that, in about 5 years, one- and two- 
star rated hotels will be substituted by budget hotels, and will disappear from the Chinese 
market (Sohu Travel, 2007). Therefore, one- and two-star rated hotel segments and 
budget hotel segment were excluded from this study. However, a future study on China’s 
and Shanghai’s budget hotel segment will be necessary, as this segment has become one 
of the major players in Chinese market.
The other delimitation o f this dissertation is that only regular guest rooms were 
included in the study. Hotels have different types of rooms to accommodate different 
needs from different customers. While regular guest rooms are put on market to be sold 
to regular customers, each hotel has several specially designed and built rooms to 
accommodate guests with special needs. Two brief interviews with managers of revenue 
management, one in the United States, and the other in Shanghai, indicate that regular 
customer don’t have access to those rooms; and generating room revenue is not the goal 
o f those rooms. Those rooms are reserved for special customers, although hotels don’t 
know when those guests will show up. In other words, although losing money on those 
special rooms, hotels usually don’t sell them. Therefore, those rooms are not on the 
market for sale or included in number of rooms available for capacity calculations. This 
dissertation considered those rooms were negligible portion because o f the small
24
percentage they accounted for in the total hotel capacity. For same reason, this 
dissertation also ignored the portion o f total fixed cost of hotels, which was contributed 
by those rooms. Although those rooms are specially designed and very costly, their cost 
only accounted for a very small percentage o f total fixed cost. Therefore, it was expected 
that ignoring the fixed cost of those rooms wouldn’t influence the calculated results of 
cost ratios.
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CHAPTER 2
REVIEW OF RELATED LITERATURE 
Introduction
The lodging industry includes the hotel industry and other businesses that provide 
guests overnight accommodations (Hayes & Ninemeier, 2006). Therefore, the number of 
hotel properties is highly related to the number of tourists and business travelers. Global 
tourism has been growing at an astonishing rate. International tourism receipts increased 
from US$264 billion in 1990 to US$735 billion in 2006 with total international tourist 
arrivals o f 842 million (WTO, 2007). In its Tourism 2020 Vision, UN WTO forecast that 
the number of international tourist arrivals would reach 1.6 billion by the year 2020. To 
meet the fast growing demand, the lodging industry also has been growing rapidly in 
terms of hotel capacities. By the end of 2005, the United States alone has 47,590 hotel 
properties and 4,402,466 guestrooms (AH&LA, 2006).
However, because of insufficient planning and some unforeseeable incidents, 
hotel properties are often developed faster or slower than the growth in market demand. 
Because o f the large initial outlay usually required in the lodging industry, it is necessary 
to develop  hotel properties based on carefully estim ated actual dem and to avoid  
unnecessary future loses. Furthermore, the characteristics o f the lodging industry 
determine that it is especially critical for the industry not to overgrow the demand. For 
example, hotel rooms are perishable because they can’t be stored (Kotler et. al, 2006).
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Rooms not sold today can’t be inventoried for the next day to be resold. Unlike 
manufacturing firms or retailers, a lodging company is not able to keep unsold room 
nights and resell them in the next period. In other words, the room nights available that 
are not sold, which are in excess o f demand, will disappear permanently; and the fixed 
charges associated with those unsold room nights will directly hurt the bottom line of the 
lodging firm because revenue lost from not selling those room nights is gone forever.
This has become more obvious in recent years, due to the increasing initial outlay 
required for a hotel project, which results in a higher fixed charge per room night 
available. Therefore, it is critical for the lodging industry to provide appropriate amount 
of room capacity based on accurately estimated future demand to minimize potential 
losses caused by oversupply, or to maximize income.
Capacity
Capacity is the ability to produce, receive, contain, or accommodate. In a 
traditional manufacturing firm, capacity can be defined as the throughput or number of 
units the firm can hold, receive, store, or produce in a period of time (Heizer & Render, 
2007). It is the availability o f a resource measured against a standard (Brimson & Antos, 
1999, p.78), and represents the quantity o f products or services a firm is able to offer. 
When all available resources are used for value-adding activities, profitability is 
increased (Brimson & Antos, 1999). However, some resources that are not used also 
need to be paid for, which decreases profitability. It is critical to match capacity to future 
needs to ensure satisfactory profitability. In other words, capital is wasted if a firm has 
too many resources; while revenue is lost if a firm has too few resources. Therefore, as
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the goal of a firm is to maximize the owners’ wealth (Chatfield & Delbor, 2005), it is 
critical to have appropriate capacity to meet the demand because a firm’s capacity not 
only determines a large portion o f the fixed cost, but also determines whether demand 
will be satisfied or if  the firm will be idle (Heizer & Render, 2007).
When the demand exceeds capacity, under-capacity occurs. Although a firm is 
producing products or providing services in its full capacity, the demand can’t be met. 
Therefore, the firm loses the portion o f the sales revenue it otherwise would have earned 
with a large enough capacity. It seems under-capacity doesn’t hurt a firm as much as 
overcapacity does, because overcapacity means losing money, while under-capacity 
means not making money. However, this is not necessarily correct. From a marketing 
perspective, under-capacity will drive away both potential and existing customers in the 
future; and the firm will eventually lose hard earned market share (Heizer & Render,
2007).
Conversely, when the capacity is larger than the demand, overcapacity occurs. A 
portion of the capacity will sit idle and add cost to existing production. Since customer 
demand is not large enough to consume all the products or services available, a firm 
needs to reduce its output. For every unit less of output, there is an increase of fixed cost 
on every unit of product produced or service provided, which leads to a reduced profit 
margin and lower income. Furthermore, there is an opportunity cost that relates to 
overcapacity (Daly, 2002). The excess capacity limits the amount of available capital 
when a better opportunity arises. Although theoretically, a firm should reduce its 
capacity when a better opportunity appears, most firms don’t. Therefore, overcapacity 
not only increases the fixed cost o f every unit produced and reduces the profit margin, but
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often also prevents the firm from making larger returns from a better opportunity. Firms 
more often have overcapacity than under-capacity (Daly, 2002). A firm may have over­
capacity for many reasons, such as seasonal changes in demand; but the most important 
reason probably is that the designed capacity is too large.
Capacity is one of the most important factors that affects a firm’s profit potential. 
When all resources are fully used for value-adding activities, profitability is improved. 
However, resources are not free. When a resource is paid for but not used directly to 
generate revenue, profitability is decreased. The key to profitability is to match capacity 
to future demand (Brimson & Antos, 1999). Neither overcapacity nor under-capacity is 
desired. To maximize a firm’s income, it is critical for a firm to establish an appropriate 
capacity based on future demands, and this is especially true in lodging industry.
As indicated earlier, a firm’s capacity is the resources available for the firm to 
produce products or provide services. However, capacity is measured differently in 
different industries; even different firms in the same industry may measure capacity 
differently through different perspectives (Daly, 2002). Essentially, capacity is measured 
based on the units o f services or products a firm provides.
Capacity o f Service Industry 
Although capacity management has been heavily studied in manufacturing 
industries, it is thinly researched in service industry. A search of literature shows that 
only very limited amount of empirical studies have been conducted in capacity planning 
and management in service industry. Health care and airline industry are two often- 
studied areas. As in the lodging industry, one of the key issues a hospital has to deal with
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is how to provide sufficient capacity to meet demand while maintaining efficiency and 
cost-effectiveness. Kobis and Kennedy (2006) proposed five measures a health care 
facility can take to assess the effectiveness of its operational and planning strategies to 
improve capacity management, and thus help address capacity challenges. Wilson and 
Bryan (2006) recommended identifying, analyzing, and improving physician practices 
that directly related to patient throughput and capacity management to reduce patients’ 
length of stay.
However, the capacity planning and management techniques used in healthcare 
industry are not applicable in lodging industry. Unlike the lodging industry, a health care 
facility has dynamic capacity. By changing the way beds are assigned and adjusting its 
admission and discharge techniques, a hospital might increase or decrease the number of 
patients it can accommodate (Kobis & Kennedy, 2006). Further, the demand faced by 
healthcare industry is much larger than existing capacity; and has been continuously 
increasing. U.S. census data suggest increasing patient volumes over the next 20 years as 
the population increase and the baby boom generation reaches retirement age. While 
demand has been increasing, supply is declining. The number of hospitals nationwide 
has declined by almost 500 in past 15 years, while the number of admissions has 
increased by almost 100,000 patients. Therefore, healthcare industry will not face 
overcapacity for at least a few years in the near future. More importantly, the demand for 
healthcare is somewhat controllable by adjusting the length a patient needs to stay at 
hospital. The shorter average time a patient stays at hospital, the more patients the 
hospital can admit. In summary, the healthcare industry is not under as much pressure as 
lodging industry in terms o f capacity planning and management.
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The airline industry is another industry that is similar to hotel industry in that it is 
capital intensive, labor intensive, highly competitive, and seasonal (I AT A, n.d.). Like 
hotel rooms, airline’s inventory seats are perishable, and they need to be quickly and 
accurately allocated to potential demand. Yield management helps a firm to sell the right 
inventory unit to the right type of guests at the right time, and for the right price. As a 
method for managing capacity profitability, it has been widely used in airline industry 
since deregulation (Kimes, 1989). Yield Management technique has been heavily 
researched; and are mentioned in many literatures, such as Shaykevich (1994), Talluri & 
Van Ryzin (1996), and Young & Van Slyke (1994).
Subramanian et al. (1999) developed a capacity management model for airline 
that allows no shows, cancellations, and overbooking. Compared to equivalent model 
omitting the effects of the three factors, their model demonstrated a revenue gain of up to 
9%. Subramanian et al. also claimed it can be used for revenue management in any 
industry with perishable commodities, such as hotel and cruise industry. However, 
compared to airline industry, lodging industry needs a capacity management model that is 
more stringent because the industry is less flexible. For example, an airline company 
might not be as capital intensive as a hotel property. While some aircraft are carrier- 
owned, others are leased. Trends show that many airlines are leasing rather than buying 
their aircraft (Oum & Yu, 1997). About 50% of the world’s fleet is operating under some 
kind of leasing rental agreement. Leasing provides airlines with access to needed aircraft 
without major capital outlay (Oum & Yu, 1997). Especially under variable leasing 
agreement, in which the leasing expenses are solely based on sales, an airline practically
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doesn’t have fixed cost any more. Therefore, different models need to be developed for 
the lodging industry.
A search o f literature indicates that no models have been specifically developed 
for capacity management in lodging industry. In addition, only very limited research has 
been done in capacity estimation in the lodging industry; and only two articles were 
found, namely deRoos (1999) and Gu (2003b), which will be discussed in detail in the 
Inventory Management Modes section.
Inspired by Gu (2003b), this dissertation applies the time series forecasting model 
and single-period inventory model to estimate optimal future capacity for the lodging 
industry. The findings are expected to address the gap in related literature.
Measurement
Given that the major service o f the lodging industry is to provide customers with 
overnight accommodation (Hayes & Ninemeier, 2006), the level of capability of 
providing lodging services is the capacity of the industry. There are several physical 
measures of the capacity of lodging industry, such as number o f hotels, number o f beds, 
and number of rooms. Each of those measuring units has its advantages and 
disadvantages. Measuring the industry capacity by the number of hotels is the easiest 
approach, but it is not accurate because the number of customers can be accommodated is 
not indicated (Brotherton, 2003).
Number o f beds also fails to accurately measure capacity. While the actual 
capacity remains unchanged, the number of beds varies due to property alterations, 
seasonal closing, refurbishments, opening policies and other related factors (Brotherton, 
2003). For example, a twin room occupied by a family indicates a number o f beds that is
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greater than two; or a hotel replaces twin beds in each guest room to king size bed, 
reducing the number o f beds by 50%. Therefore, the number o f rooms is the best 
measure for capacity in the lodging industry because of its reliability and consistency. 
Alternatively, number of room nights available is also a commonly used measure.
Therefore, for the purpose of this dissertation, number o f room nights sold and 
number or room nights available are used as measurements o f market demand and 
lodging capacity.
Characteristics & Challenges o f Lodging Industrv
Unlike manufacturing firms, the lodging industry provides customers with 
services, rather than tangible products such as automobiles and appliances. The lodging 
industry has some very unique characteristics that not only make an appropriate capacity 
extremely important, but also make the inventory management very challenging. First, as 
mentioned earlier, perishability is one of the most important characteristics in lodging 
industry. Kotler et. al (2006) indicated that services cannot be stored; and it is critical to 
properly manage capacity and demand to maximize revenue because service unsold 
cannot carry forward. For every room that is not sold for a day, a lost room night is 
created, and can never be recaptured. In other words, for every unsold room, there is 
unrecoverable lost revenue that directly hurts a firm’s profit margin and income. Further 
the fixed cost associated to that unsold room needs to be absorbed by revenue generated 
from other rooms.
Secondly, a hotel has fixed number o f room nights available that makes inventory 
management very challenging, as it emphasizes the importance o f knowing the optimal 
capacity before a hotel project starts. In manufacturing firm, a manager is able to adjust
33
the amount of output to match supply and demand; but in the lodging industry, the 
amount of output is equal to the room capacity or the number of room nights available, 
and is fixed since the day the hotel is built. In other words, some inventory management 
techniques that are often used in manufacturing industry, such as changing number of 
staff and/or adjusting quantity o f products (Heizer & Render, 2007), are not as effective, 
or useless, in the lodging industry. Therefore, to be cautious and avoid unnecessary 
future losses, an optimized capacity needs to be determined before the construction starts. 
By adjusting labor to variation in demand, which is a major tool in inventory 
management in lodging industry (Krakover, 2000), a hotel manager is able to reduce 
labor cost during slow seasons, compared to the capacity costs associated with the unsold 
rooms, the savings are not likely to be significant.
Third, the actual demands on hotel rooms periodically fluctuate due to seasonal 
effect, another unique characteristic of the lodging industry. A destination often has high 
seasons and low seasons. The demand on hotel rooms is high during high seasons; and 
low during low seasons, which makes inventory management difficult. Further, since 
hotel capacity doesn’t fluctuate with seasons, what would be the appropriate capacity for 
the destination that not only satisfies visitors’ needs in both high seasons and low seasons, 
but also avoids under- or overcapacity?
Finally, Hotels are fixed-assets intensive and therefore capital-intensive. As real 
estate, hotel properties represent the land, buildings, and fixtures, furniture, and 
equipment (Chatfield & Delbor, 2005). Land includes not only the ground surface 
occupied by the hotel, but extends through the earth and also into the sky. The large 
initial outlay required in the lodging industry determines the importance o f appropriate
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capacity. Waddell (1977) indicated that the difference between the best estimated hotel 
capacity and the worst choice of hotel capacity will typically result in a difference of net 
present value o f one million dollars for an addition to a moderately large luxury hotel. 
Considering the trends o f hotel development in past several decades and inflation, the 
difference o f net present value would have been largely increased.
Many factors, including those above mentioned, make the inventory management 
in lodging industry much more difficult than that of other industries. Therefore, to 
maximize the income, or to achieve the highest net present value, it is crucial for 
practitioners in lodging industry to understand the importance o f appropriate capacity.
Overcapacitv
Overcapacity is capacity beyond what is normal, allowed, or desirable. When the 
number of room nights available is greater than the room nights sold, overcapacity occurs 
in lodging industry. Overcapacity is harmful not only to an individual hotel, but also to a 
region’s lodging industry as a whole.
At the micro level, overcapacity hurts an individual property. The capacity cost, 
or fixed cost directly reduces a property’s income. Anderson et al. (2001) define capacity 
cost as the portion of the total cost that is not affected by production volume: the cost 
remains unchanged no matter how much is produced. In the lodging industry, fixed cost 
mainly includes mortgage interests, depreciation and amortization, rents, and real estate 
taxes (Gu, 2003b). To calculate income of a hotel, those costs need to be deducted from 
sales revenue. Since those costs don’t fluctuate with the number o f room nights sold, 
they exist even if no room nights are sold. While overcapacity occurs, number o f room 
nights available is greater than number o f room nights sold. Therefore, the amount of
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cost that sales revenue per room needs to cover will increase. In other words, while over 
capacity occurs, the bottom line o f a hotel gets hurt directly.
Since income capitalization is generally the most heavily relied on approach when 
a hotel appraiser considers a final opinion of value (Chatfield & Dalbor, 2005), the 
decrease in profitability results in reduction of hotel property values because of the fact 
that a hotel is an income-producing firm and is valued by active market participants based 
on the present value of its future income.
Further, overcapacity also generates opportunity cost for the property. Weil & 
Maher (2005) defines opportunity cost as the present value o f the income that a firm 
could earn from using an asset in alternative use. Due to overcapacity, the return of 
investment in hotel might be unsatisfactory. In other words, from an investor’s 
perspective, it could be better investing same amount of money in better alternative.
Hotel overcapacity not only causes value decrease o f an individual hotel, it also 
hurts the lodging industry in a region, which consequently hurts the economy of the 
region. Besides the decrease of tax revenue for local government, low profitability of 
lodging industry also affects other related industry in the region.
Under-Capacitv
By contrast, under-capacity is capacity that is under what is normal, allowed, or 
desirable. In the lodging industry, when the number o f room nights available is less than 
the number o f room nights sold, under-capacity occurs. Although it means the opposite, 
like overcapacity, it also has negative impact at both micro and macro level.
At the hotel level, under-capacity undermines the main purpose o f a corporation, 
which is maximizing owner’s equity and value of the property. Due to limited capacity.
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the demand for hotel rooms can’t be met, which means the hotel loses the sales it could 
otherwise have made.
Although under-capaeity doesn’t seem to have as many finaneial implications for 
a hotel property as overeapacity, it has some indirect impacts, such as losing customers 
and market (Heizer & Render, 2007). The inability o f accommodating customers’ needs 
not only drives away current or potential guest, but also will reduce the company’s hard 
earned market share. This is what happened to Nabisco when it underestimated the 
demand on its Snackwell Devil’s Food Cookie. Because Nabisco couldn’t keep up with 
the demand, it lost customers.
Furthermore, previous researeh has shown that eustomer complaints increase 
when service firms’ limited capacity leads to very high occupancy rates, which result in 
deteriorated service quality (Bitner et al. 1985; Lewis & Morris, 1987). Since unsatisfied 
customers indirectly increase a serviee firm’s operating expenses, under-eapacity 
therefore indirectly hurts the bottom line o f the firm.
At the macro level, besides the amount o f tax revenue the local government could 
collect, under-capacity of lodging industry also has negative impact on local economy by 
limiting the scale o f local tourism industry. Tourists contribute to local economy not 
only by spending in different activities, but also spending more than normal. For 
example, tourists tend to spend more in shopping than local residents. According to a 
study conducted by Montana State University, on average, tourists spend about $22.5 
more at malls they visit as a tourist than when they go shopping at a mall near their home 
(MSU, 2005). In developing economies, tourism is even more important, helping local 
economic development and poverty reduction (Wilson, n.d.).
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Both overcapacity and under-capacity negatively impact lodging industry and the 
local economy. Therefore, it is crucial to determine a hotel’s optimal capacity in order to 
achieve the highest levels o f utilization and the highest return on investment.
Heizer and Render (2005) indicate that forecasting demand accurately is one of 
the important considerations for a good capacity decision. An accurate forecast is 
paramount to the capacity decision (Heizer & Render, 2005, pp 230). This is especially 
true in lodging industry because of some of its unique characteristics, namely 
perishability and fixed capacity. When a hotel is developed based on overestimated 
future demand, overcapacity is likely to occur. Unfortunately, there is little a manager 
can do to correct the mistake. Unlike manufacturing industries, once a hotel is built, its 
capacity is fixed. A hotel therefore has to suffer the low profitability, or even losses. 
Compared to manufacturing industries, it is more important for the lodging industry to 
have an accurate demand forecast. On the other hand, when a hotel is developed based 
on under-estimated future demand, under-capacity is likely to occur. As mentioned 
earlier, under-capacity brings as much negative impact as overcapacity.
However, it is difficult to forecast future demand for the lodging industry due to 
its probabilistic demand. Several issues have already been mentioned in the previous 
section of Characteristics and Challenges o f Lodging Industry. There are a few lessons 
of overcapacity in the lodging industry worldwide.
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Consequences of Overdevelopment of Lodging Industry 
United States
Over- or under-estimate of future demand will cause over- or under-capacity for 
hotels, or lodging industry in a region. There have been quite a few examples in the 
history of the lodging industry, both domestic and international.
One of the recent industry downturns in the United States happened in 1980s. In 
the early 1980s, high occupancies, the rapid growth of tourism industry, and increasing 
values of real estate ensured hotel owners and investors satisfactory return on their capital. 
In addition, favorable laws that provided investors and developers with a tax haven and 
the possibility of increasing profits through debt financing also strongly encouraged 
investors and developers to build more hotels. However, due to unprecedented increase 
in room capacity, the lodging industry in the United States suffered oversupply of rooms 
through the 1980s. The situation wasn’t improved until the 1989 when the demand 
caught up. However, one year later, after the real estate market collapsed, the recession 
caused significant declines in demand, occupancies, and profit. Nationwide occupancies 
declined from 61.8% in 1990 to 60.9% in 1991. The demand increased at an annual rate 
o f 4.3% from 1985 to 1989, but only grew 0.8% in 1991, the number o f rooms increased 
at 3.5% and 2.7% in the same two time periods, respectively (Smith Travel Research,
1992). The decline in demand was primarily caused by decline in consumer spending 
and travel stemming from the recession and Gulf War.
The overcapacity increased competition as number of new properties kept 
increasing, resulting in losses of market share, profit and occupancies for most lodging 
companies (Chon & Sing, 1993). Since the number of rooms continued to grow at a
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faster rate than demand, the industry was left in a preearious situation (Chon & Sing,
1993). Aeeording to the former Smith Travel Research (1992), the full-serviee segment 
of the nation’s lodging industry lost an average of pre-tax income of $2,852 per available 
room, $2,597 and $192 for all suits and limited service segments, respectively. The main 
reason for the losses is that the high debt leverage of hotel and other significant fixed 
charges. The hotels suffered the most were those built after 1981 with high debt leverage.
Kunming. China
Another example is China. Since it opened its door to the world in 1978, China 
has been experiencing astonishingly fast economic growth. Its tourism industry has also 
been growing fast as an average annual rate of 9.6% (NTAPRC, 1994 - 2007) in terms of 
international tourism receipts in US dollars. The number of foreign tourists increased 
from 5.7 million in 1978 to 120.3 million in 2005. To meet the demand on hotel rooms, 
especially high-end hotel rooms, China’s lodging industry has been expanding rapidly. 
However, due to fast growth, poor planning, and inaccurate estimate, overdevelopment 
has become a serious issue since 1990s in China’s lodging industry. Data from 
Yearbooks (Table 2) indicate that overcapacity has been an issue, and will continue to be.
Further, some regions even have much severer overcapacity than the national 
average due to hosting large events and regional difference o f economic development.
One of the most obvious examples is Kunming. To accommodate the demand on hotel 
rooms, more than 40 hotels were built in Kunming before the 1999 World Expo (New 
Life, 2006). After accommodating approximate 10 million visitors during the Expo, the 
lodging industry in Kunming was left in a disastrous situation. According to Kunming 
Hotel Association, the average occupancy rate of high-end hotels in Kunming in 1999
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was 59.63%; which declined to 46.5% in 2000. To generate as much sales revenue as 
possible, many hotels decided to sell rooms for less. In 2000, the average daily room 
rates of four- and five-star rated hotels in Kunming were about RMBl 10 and RMB120, 
respectively, while the rates in Shanghai were close to RM Bl,000.
Low profitability impacts hotel industry in many different ways. In 2000, almost 
all the high-end hotels in Kunming had negative income. Although some hotels had 
slightly higher occupancy rates, they didn’t make any profit because o f the extreme low 
ADR. Consequently, the resources required to perform necessary maintenance, upgrade, 
employee training, and payroll expense were limited, which resulted in deteriorated 
service quality (New Life, 2006).
The negative impact from overdevelopment is long lasting and profound. After 
years o f mergers, acquisitions, and closings in Kunming’s hotel industry, the situation 
hasn’t been improved much. Currently, compared to Shanghai’s average ADR of 
R M B l500 in downtown area on weekdays, five-star hotels in Kunming have average 
ADR of RMB350; and Kunming’s hotel industry has been losing money since 1999 
World Expo in general.
There are a few reasons for this overdevelopment. The most important one is that 
the lodging capacity grew much faster than the demand. Due to poor planning, many 
hotels were built for the sole purpose o f accommodating World Expo visitors. Although 
it was also expected that the number of visitors to Kunming would increase significantly 
after the Expo, it didn’t happen. The total number of star-rated hotels increased from 33 
in 1997 to 95 in 1999 with an annual average rate o f 42.3%, among which the number of 
high-end hotels increased from 4 to 20. On the other hand, the demand increased at a
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much slower rate. During the same time period, the number of foreign visitors to 
Kunming, who are the target market o f four- and five-star rated hotels (high-end hotels), 
increased only at an average annual increase rate of 10.87%.
Second, Kunming’s tourism industry grew at a fairly rapid phase before the Expo, 
which led many investors to build larger and more expensive properties. The most 
expensive property built cost RJVIB900 million. The large fixed cost dragged down the 
profitability. Some hotels have never had positive income after the World Expo. 
Consequently, many of those newly built hotels went belly up after the exposition.
Thirdly, limited investment alternatives encouraged investors and developers to 
build hotels. Because of sluggish housing market, many real estate investors found 
lodging industry a better alternative. Many state owned companies and banks started 
investing in lodging industry without careful planning; some ongoing housing projects 
were changed to hotels.
In summary, due to poor planning and overestimated future demand, Kunming’s 
lodging industry has been growing too fast; and eventually went into a disastrous 
situation. Kunming is not alone. Because of China’s fast growing economy and tourism 
industry, many cities have overestimated future demand and overdeveloped the lodging 
industry. For example, also due to poor planning, the lodging industry in Shanghai has 
been expanding extremely fast. In recent years, rooms in high-end hotels often are sold 
for half price during slow seasons. In Haikou, Hainan Province, because of 
overdevelopment, a price war in the lodging industry turned the competition vicious in 
2005. To solve the problem, in February, 2006, local government past a law making 
price reduction illegal.
42
Inventory Forecasting Models 
Inventory is the set of items that an organization holds for later use by the 
organization for production. In the lodging industry, the core service is providing 
customers with overnight accommodation. Therefore, rooms are the inventory in lodging 
industry, which is often measured by number of room nights available. However, 
inventory forecasting is a very thinly researched area in the lodging industry. Only one 
model was found from previous studies: the Natural Occupancy Rates model presented 
by dcRoos (1999).
Natural Occupancv Rates 
dcRoos (1999) developed estimates o f both long-run and short-run gap between 
hotel capacity and demand. The study provides estimates o f long-run stabilized 
occupancy rates, called “natural occupancy rate (NOR)”, for the United States and its 24 
largest lodging markets. Using these NORs, dcRoos developed estimates o f both long- 
run and short-run gap between supply and demand. By comparing actual occupancy rates 
to NORs, a development gap, which means the opportunities to increase room capacity, is 
estimated in terms of occupancy rates and number of rooms.
NOR is estimated based on actual market-occupancy rate, average daily rate, and 
CPI. First, ADR needs to be adjusted to real ADR by dividing the actual ADR by CPI. 
Then, a seasonality adjustment is performed for both ADR and occupancy rate to remove 
seasonal effects. Finally, a regression analysis is performed using monthly change in 
seasonally adjusted real ADR as dependent variable, and monthly change in seasonally 
adjusted CPI and monthly seasonally adjusted occupancy rate as independent variables. 
The NOR is the negative result o f dividing the constant by the coefficient o f monthly
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seasonally adjusted occupancy rate from the regression equation. In other words, the 
natural occupancy rate is the occupancy that produces a zero monthly change in 
seasonally adjusted real ADR, which is very logical. While the supply and demand reach 
a balance, the ADR remains unchanged.
According to the sources o f the data used in the calculation, the NOR 
methodology is able to estimate the number o f room needed within a geographic 
submarkets. This allows for precise pinpointing of development gaps and accurate 
forecasting o f future demand.
The NOR method reflects the industry characteristic by taking into consideration 
of probabilistic demand of lodging industry by adjusting the seasonal effect. However, 
seasonal effect is not the only factor that causes the probabilistic demand. Further, this 
method is not able to cope with the perishibility of room inventory. Therefore, to 
accurately predict future room demand, a more appropriate model is needed.
Single-period Inventorv Model 
To estimate inventory capacity with probabilistic demand, Anderson, et al (2001) 
introduced a single-period inventory model for optimizing inventory level. The model 
was derived from an incremental analysis o f inventory in relation to the expected loss.
By comparing the cost of oversupplying one additional unit than demanded or the unit 
cost of oversupply (Co) with the opportunity cost of not supplying one additional unit 
that is demanded or the unit cost o f undersupply (Cu), the incremental analysis shows 
that the optimal quantity of supply (Q*) is at the level when the expected loss (EL) of 
supplying one incremental unit is equal to the EL o f not supplying one incremental unit, 
or EL(Q*+1) = EL(Q*). Anderson, et al. (2001) further developed the single-period
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optimal inventory model as an equilibrium at which the expected loss associated with 
over supplying is equal to the expected loss associated with under supplying; and the 
expected loss o f either supplying status is defined as the probability (P) o f the status 
multiplied by its unit cost (see Equation 1).
Co X P(demand < Q*) = Cu x [l -  P(demand < Q*)] (1)
Solving for P(demand < Q*) in Equation , we have:
P(demand < Q*) = Cu / (Cu + Co) (2)
Equation 2 shows that at the optimal supply quantity Q*, the probability of over­
supplying or P(demand < Q*) is determined by the ratio of Cu / (Cu + Co). Equation 2 
demonstrates the general condition for the optimal supply quantity Q* in the single­
period inventory model. It implies that when Cu = Co, the optimal order quantity Q* 
should give equal chance for surplus and shortage; when Cu > Co, Q* should give more 
chance to over oversupplying; and when Cu < Co, Q* should give more chance to 
undersupplying. In other words, the model indicates that the greater chanee should be 
given to the ordering status that is associated with lower cost.
The single-period inventory model is applicable to operations that involve highly 
seasonal or perishable items that eannot be stored for future sales; and the demand for the 
inventory products is uncertain but has a probability distribution. In hotel industry, 
rooms unsold cannot be kept and carried over to next time period for resale and the 
demand for rooms is uncertain. In other words, a hotel’s room operation has both 
features required by the single-period inventory model, namely perishable item and 
probabilistic demand. Therefore, it is appropriate to use the single-period inventory 
model to estimate the optimal hotel room capacity.
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Gu (2003b) applied this model to estimate the optimal room capacity for Las 
Vegas Strip casino hotels from 2001 through 2004. After the future annual demand was 
estimated using a trend regression line, which was developed based on annual number of 
room nights sold (dependent variable) and time sequence (independent variable), it was 
optimized by the single-period inventory model for estimating future optimal capacity.
To identify the optimal quantity o f room nights available, which is optimal 
capacity or Q* for Las Vegas Strip casino hotels as defined in Equation(2), the cost ratio 
o f Cu / (Cu + Co) was calculated. In the study, Cu is defined as income before corporate 
taxes per room night sold; and Co is defined as fixed cost per room night available 
because fixed cost occurs whether or not the room is sold. The cost ratio indicates the 
level at which the optimal capacity of room nights available or Q* should be within a 
normal probability distribution. Therefore, the Q* was derived by using the equation:
Z Score = (Q* - Y) / a, where Y represents the estimated future annual demand and a  
represents the standard deviation of the demand. Both Y and a  were derived from the 
trend regression model.
In summary, the single-period inventory model is applicable to operations with 
two features. First, the operation involves highly seasonal or perishable items that cannot 
be stored for future sales, such as seasonal clothing and newspapers. Second, the demand 
of the inventory item is uncertain but has a probability distribution. Since lodging 
industry has both features, the single-period inventory model is adopted for this 
dissertation.
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CHAPTER 3
METHODOLOGY AND DATA 
This dissertation attempts to estimate annual optimal hotel capacity and monthly 
optimal hotel capacity for three-, four-, and five-star rated hotels in China and its largest 
city, Shanghai, respectively, and to compare the results to expected hotel capacity in 
future. Further, based on estimated optimal hotel capacity, monthly and annual optimal 
rates of increase are to be developed for practitioners and investors. The estimation is a 
two-step process. Step one uses time series forecasting technique to forecast future 
demands for hotel rooms for China and Shanghai. In the second step, based on the results 
of step one, optimal hotel capacity is estimated using single-period inventory model with 
cost ratios.
Time Series -  Data & Analysis 
A time series regression model relates a dependent variable to time sequence to 
explore the patterns in historical data. Using a time series regression model, a researcher 
often identifies patterns o f movement in past values of the dependent variable and 
extrapolates these patterns into the future (Dielman, 2005). Time series models are most 
often used for forecast purpose (Bowerman et. al. 2005). This modeling approach is 
particularly useful when little knowledge is available on the historical data (Zhang, 2003).
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Four Components
The data used for time series analysis are sales in terms of number o f room nights 
sold in previous years, collected primarily from Yearbook of China Tourism Statistics 
and Supplement (NTAPRC, 1996 - 2007) and China Hotel Industry Study (Haworth, 
2007). Like a typical time series, which is formed by historical sales data and defined as 
“a set of observations of variable measured at successive points in time or over 
successive periods of time” (Anderson et al. 2001, pp 180), the data used for this 
dissertation include four components, namely trend, cyclical, seasonal, and irregularity 
which combine to provide specific pattern and value in the time series.
Trend component demonstrates the gradual shifting of the time series, which often 
is the result of long-term factor such as changes in the population, demographic 
characteristics of the population, technology, and consumer preferences (Andersen et al., 
2001). Although it usually exhibits random fluctuations, a time series may still show the 
gradual sifting, which researchers use forecasting purpose. To serve the purpose of this 
dissertation, trends o f time series need to be indentified. To explore the trends that 
appear in the time series, other three components need to be removed.
The cyclical component of a time series appears as fluctuations around the trend. 
The cyclical component can be viewed as those fluctuations lasting more than one year 
(OECD, 2001 ; & Anderson et al., 2001). Generally, the cyclical component o f a time 
series is a result o f multiyear cyclical movements in the economy (Anderson et al., 2001). 
However, from 2004 to 2007, the time period from which the monthly sales data are 
collected, China’s economy witnessed no significant fluctuations. If cyclical effect exists
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in the time series, it will be minimal. Therefore, the study assumes that the cyclical 
component doesn’t affect the overall trend of the time series of Shanghai’s hotel sales.
The seasonal component exhibits a regular pattern over one-year period in a time 
series (Anderson et al., 2001). It often referred to as seasonality because it is dependent 
on the time of year and describes regular fluctuations with a year. Therefore, to be able 
to identify the trend of the time series and compare performance of Shanghai’s hotel 
industry, the seasonal component is removed from the data by deseasonalizing the time 
series.
Another component ignored in the study is irregular component, or noise.
Irregular component is caused by the short-term, unpredictable, and non-recurring factors 
that affect the time series (Anderson et al., 2001). Since there have been no irregular 
events in China, especially in Shanghai in past several years, the irregular component is 
disregarded in this study.
Deseasonlizing the Time Series
Deseasonalizaing is a multi-step task that starts with developing seasonal index. 
As suggested by Anderson el al. (2001), the season indexes is calculated beginning with 
indentifying each month’s seasonal influence by calculating a moving average to separate 
combined seasonal and irregular. Since a time series of four-year monthly is used for the 
study, the twelve-month moving average is calculated.
However, the difficulty is that the calculated monthly moving average values do 
not directly associate with original monthly data of the time series. To solve the 
difficulty, centered moving averages are calculated starting the first two figures of the
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twelve-month moving average. The average of the two figures is used as centered 
moving average value that matches July.
Using portion of a time series, Table 6 illustrates the steps using quarterly time 
series. Calculated centered moving average 5.475 is associated with quarterly original 
sales of 6.0, and so forth. The centered moving average is then divided into its matching 
quarterly sales results in the seasonal effect of the quarter. For example, in Table 6, the 
seasonal effect, also known as seasonal-irregular value, o f third quarter in year one is 
1.09 (6.0 / 5.475). In a time series include quarterly data from multiple years, there is a 
seasonal-irregular value for a particular quarter every year. Averaging multiple seasonal- 
irregular values of the same quarter every year results in a seasonal index for that quarter.
Table 6
Illustration o f  Calculations o f  Centered Moving Average o f  a Time Series
Four-Quarter Centered
Year Quarter Sales Moving Average Moving Average
1 1 4.8
2 4.1
5.35
3 6.0 5.475 .
5.6
4 6.5 5.738
5 j^ 5
2 1 5.8
After deseaonalizing, the time series have only trend component left. Based on 
deseasonlized data, time series regression models are developed to forecast future 
monthly demand for Shanghai’s three-, four-, and five- star rated hotels. To reflect actual
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seasonality in different months of a year, the forecasted future demand is “seasonalized” 
back to monthly number of room nights by multiplying the season index of the month.
The single period inventory model is then applied to the “seasonlized” future 
monthly demand to estimate future monthly optimal room capacity for Shanghai.
Shanghai
According to a report from Sou Fun (2007), a real estate research company based 
in Beijing, China, despite much larger capital outlays required for high-end hotels, their 
higher average daily rate (ADR) seems guarantee high profitability and makes the 
segment more attractive to investors (Sou Fun, 2007). Since 2000, the ADR of 
Shanghai’s high-end hotels has risen rapidly is now ranking Number 3 among all Asian 
destinations, following that o f Tokyo and Hong Kong (“Room Rates”, 2006). Properties 
open in 2006 and 2007 include some world well-known brands, such as Sheraton, Hyatt, 
and Westin (“Room rates”, 2006). Indeed, the high-end hotel segment has become the 
hottest spot o f hotel investment in Shanghai. Further, as mentioned earlier, about 40% of 
luxury hotel projects in China’s pipeline are in Shanghai. Local government also put 
high-end hotel development as the top priority in their agenda (Sou Fun, 2007).
However, after several years of fast growing, the declining occupancy rates in 
Shanghai’s high-end hotel segment (Table 7) imply that the capacity o f Shanghai’s high- 
end hotel segment has outgrown the demand; and the difference is getting larger. 
Therefore, this dissertation focuses on Shanghai’s three-, four-, and five-star rated hotels, 
especially on high-end hotel segments, to estimate optimal monthly room capacity from 
January, 2008, to December, 2011.
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Table 7
Occupancy Rates (in percentages) o f  Shanghai’s High-end Hotels (2000 - 2007).
Year Four-star Rated 
Hotels
Five-star Rate 
Hotels
2000 6T89 71.43
2001 72.47 71.59
2002 76.95 77.25
2003 62.12 62.31
2004 72.25 76.00
2005 68.67 73.41
2006 66.74 72.59
2007 65.74 66.18
(Jan - May)
Source; VTWf/gC (2007 - 200^,
Shanghai Municipal Tourism Administrative Commission.
Monthly data of number o f room nights sold are used for estimating monthly 
optimal capacity for two reasons. First, the available annual data o f Shanghai’s lodging 
industry only cover seven time periods, from 2000 to 2006. The National Tourism 
Administration of the People’s Republic of China, the publisher of the Yearbook of 
China Tourism Statistics, changed the format of reporting for provinces and large cities in 
the Yearbook of 2000. Regional data published before 2000 and after 2000 are not 
compatible. Therefore, annual data are not sufficient to be used for time series analysis;
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and monthly data are used. Secondly, since the purpose o f time series analysis is to 
explore patterns from previous data and extrapolate these patterns into the future 
(Dielman, 2005. & Brockwell & Davis, 2002), the longer the sequence of time periods 
are used, the better results can be expected. However, there is a drawback of using 
monthly data for this dissertation. The dependent variable of the time series regression 
model is monthly number of room nights sold, which is not directly provided by sources. 
Instead, it is estimated based on monthly occupancy rates and monthly average number of 
room nights available. The monthly data released by Shanghai Municipal Tourism 
Administrative Commission only include occupancy rates for the month. To obtain 
number of room nights sold during the month, number of rooms available for that month 
needs to be identified. The number of monthly rooms available is estimated by averaging 
the annual number o f rooms available, which is provided by the Yearbook, to each of the 
twelve months. Then, the average monthly number of rooms available is multiplied by 
the monthly occupancy rate, which results in the monthly number of room nights sold. 
This estimation has the limitation of ignoring the variation in the number o f rooms in the 
market at different times of the year.
Dielman (2005) suggests that researchers may identify patterns in historical data 
and extrapolate these patterns into the future for forecasting purpose using an 
extrapolative regression model that only requires past value as dependent variable. 
Adopting Gu’s (2003b) methodology for estimating room nights demand in his study on 
optimal hotel capacity for the Las Vegas Strip casino hotels, using data released by 
Shanghai Municipal Tourism Administrative Commission (2007), this study develops an 
time series forecasting model with monthly room nights sold (dependent variable) and
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time sequence (independent variable) of 48 months, which is from January, 2004 to 
December, 2007 and then extrapolated the lines from January, 2008 through December, 
2011 to estimate the future monthly demand for Shanghai’s three-, four-, and five-star 
rated hotel rooms.
One of the critical assumptions of the regression line is that the dependent 
variable is normally distributed with constant variance (Hair, et al. 2006). The predicted 
value of dependent variable is the mean of the dependent variable; and the standard error 
o f the prediction is the estimated standard deviation from the mean (Webster, 1998). The 
future monthly demand o f hotel rooms predicted by the extrapolative regression line is 
the mean of the future demand; and the standard error of the predicted future demand is 
the standard deviation from the mean (Gu, 2003b). The regression model not only 
predicts the mean o f the demand, but also provides the probability distribution around the 
mean. Therefore, the study is able to estimate the optimal capacity of hotel rooms 
available using the extrapolative regression model and the single-period inventory model 
for Shanghai’s three hotel segments.
To apply the single-period inventory model to identify the optimal capacity or 
quantity o f room nights available, or Q*, as defined in Equation 2, the monthly room 
nights demanded from 2008 to 2011 with a probability distribution need to be established. 
The cost ratio Cu / (Cu + Co) must also be estimated. Data needed for the study are 
collected from the Yearbook of China Tourism Statistics, Shanghai Municipal Tourism 
Administrative Commission, and China Hotel Industry Study.
Due to the extra demand from the 2010 World Expo, the monthly demand for 
May, 2010 through October, 2010 is estimated slightly differently. There are two
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components in the demand for each of the six month; normal demand extrapolated from 
the regression trend line and extra demand estimated based on the size of the World Expo. 
Based on information from previous World Expositions, it appears that the number of 
Expo visitors is highly correlated to the size o f the area. Therefore, the numbers of Expo 
visitors of 21 previous Expos (dependent variable) are regressed with area of 21 previous 
Expos (independent variable). Based on the regression model, the total number of 
visitors to Shanghai Expo is estimated.
Data from the Yearbook o f China Tourism Statistics (2001 - 2006) suggest that 
majority o f foreign visitors have chosen three-, four-, and five-star rated hotels for their 
stay. Table 7 shows the annual percentage and seven-year average percentage o f foreign 
visitors who stayed at each of the five star-rated hotel categories. According to previous 
study, about 4% of the total World Expo visitors are estimated to be foreign arrivals 
(Wang, Y. 2003). Therefore, based on the distribution in 2006, it is estimated 76.56% 
(Table 8) of the 4% of the total estimated Expo visitors will stay at Shanghai’s three-, 
four-, and five-star rated hotels during May, 2010 through October, 2010. Based on 
historical Expo information (Elistory, 2007), the number of hotel room nights every 
foreign Expo visitor needs during her/his stay in Shanghai is estimated for every of the 
three hotel segments included in this study.
To be more precise, the number of room nights needed by domestic Expo visitors 
is also estimated by a two-step process. First, the number of domestic Expo visitors who 
are expected to stay at three-, four-, and five-star rated properties is estimated based on 
the ratio o f number o f foreign visitors to number o f domestic visitors, which is estimated 
using actual figures of 2006 collected from Yearbook of China Tourism Statistics
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(NTAPRC, 2007). Second, multiplying the estimated number of domestie Expo visitors 
by the estimated number of room nights needed by eaeh Expo visitor, whieh was 
estimated using statisties of 2005 Aiehi Exp, results in the number o f room nights needed 
by domestie Expo visitors.
TaWe g
Percentages o f  Foreign Tourists Accommodated by Hotels in Each Star Rating Category 
in Shanghai (2000 - 2006).
Year 5-star 4-star 3-star 2-star 1-star
Sum of 
3-, 4-, and 
5-star
2000 2&4 3R84 216 2.4 .06 9184
2001 2173 3&23 29.48 193 .15 89.44
2002 2T26 33.23 2187 213 .12 8136
2003 38^3 30.96 23.61 2.41 .14 91 4
2004 29.66 31.35 2A32 1.93 .11 8133
2005 26.58 3133 20.9 3.03 .06 80.81
2006 29 J 2 29.24 17.6 3.19 0.02 76.56
Average 29.17 33.31 24.05 163 0.09 8153
(2007 - 200^ .
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Finally, sum of the demand from both foreign and domestic Expo visitors is to be 
alloeated to eaeh of the six month. Unlike regular visitors, Expo visitors eome to 
Shanghai to attend an event, whieh is more like a business trip than vacation. Therefore, 
the seasonal travel patterns are ignored in the alloeation. Instead, the total demand from 
Expo visitors is averaged to eaeh of the six months. The extra demand is then to be 
added to the previously forecasted monthly demand using the time series forecasting 
model to reach the estimated monthly demand for May, 2010 to October, 2010.
To derive monthly optimal capacity Q* for each hotel segment included in the 
study. Equation (2) needs to be solved using three different sets o f Co and Cu. The cost 
ratio is calculated based on the financial information of 2006, which is the most reeent 
available. The cost of overcapacity, or Co, is defined as fixed cost per room nights 
available, which is calculated by dividing the total amount of fixed cost of a hotel 
segment by total number o f hotel room nights available of that hotel segment. Required 
financial figures are provided or calculated based on information from China Hotel 
Industry Study (Haworth, 2007) and Yearbook of China Tourism Statistics and 
Supplement (NTAPRC, 2007). The eost of under-eapaeity, or Cu, is defined as income 
before tax per room night sold in 2006, which is calculated by dividing total pre-tax 
income of a hotel segment by the number o f hotel room nights sold in that hotel segment. 
Like that o f Co, required information for the calculation is provided by ealeulated based 
on information provided by China Hotel Industry Study and Yearbook o f China Tourism 
Statisties and Supplement.
The derived eost ratio, whieh is P(demand < Q*) as defined in Equation (2), 
indicates the level at whieh the optimal eapacity o f room nights available or Q* should be
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within a standard normal probability distribution and the Z Score. Therefore, the Q* was 
derived by using the equation: Z Score = (Q* - Y) / a, where Y represents the estimated 
future monthly demand and a  represents the standard deviation o f the demand. Both Y 
and a  were derived from the trend regression model.
Finally, combining the calculated cost ratio, the probability distribution estimated 
from the regression model, and the estimated extra demand due to the 2010 World Expo, 
the study is able to identify the monthly optimal capacity Q* for Shanghai’s three-, four-, 
and five-star rated hotels from January, 2008 to December, 2011.
The estimated monthly optimal capacity Q* is then compared to the monthly 
expected number of room nights available, which is calculated by averaging the number 
of rooms that are expected to increase during the year to each o f the twelve months.
The monthly optimal hotel capacity for future four years is estimated because this 
dissertation not only attempts to estimate the probability of future over- or under-capacity, 
but also tries to identify the magnitude. To meet the demand from World Expo visitors, 
Shanghai’s hotel industry, especially the high-end hotel segments, is experiencing a 
construction boom. By estimating optimal hotel capacity for both before and after 2010 
World Expo, and further comparing the estimated results to the expected room capacity, 
this dissertation is expected to point out the impact of the construction boom in 
Shanghai’s high-end hotels.
Capacity Optimization -  China 
This dissertation also attempts to develop time-series forecasting models and 
apply single-period inventory model to China’s three-, four-, and five-star rated hotels.
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Similar steps used for Shanghai are followed. However, for China as a whole, unlike the 
estimation for Shanghai’s, only annual optimal capacity is estimated because no monthly 
data are available for the lodging industry o f entire nation. The numbers o f room nights 
sold for three hotel segments are collected from Yearbook o f China Tourism Statistics 
and Supplement (NTAPRC, 1993 - 2007). The cost information is obtained from China 
Hotel Industry Study (Haworth, 2007).
To identify the optimal capacity or quantity of room nights available for China’s 
three-, four-, and five-star rated hotels, Q*, as defined in Equation 2, the annual room 
nights demanded from 2008 to 2011 with a probability distribution need to be established 
for each hotel segment. The cost ratios Cu/(Cu+Co) must also be estimated.
To estimate the optimal capacity, the number of room nights available is used as 
the unit of measurement. Three extrapolative regression models are developed using 
annual number of room nights sold, which is room demand, as the dependent variable, 
and time sequence as independent variable from 1993 to 2006 and then extrapolate the 
lines from 2008 through 2011.
To derive annually optimal capacity Q*, Equation (2) needs to be solved. The 
cost ratios are calculated based on the financial information of 2006, which is the most 
recent available. The cost of overcapacity, or Co, is defined as fixed cost per room nights 
available of a hotel segment, which is calculated by dividing the total amount o f fixed 
cost by total number o f room nights available o f that hotel segment based on financial 
figures obtained from China Hotel Industry Study (Haworth, 2007) and Yearbook of 
China Tourism Statistics and Supplement (NTAPRC, 2007). The cost of under-capacity, 
or Cu, is defined as income before tax per room night sold, which is calculated by
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dividing total pre-tax income of a hotel segment by number of room nights sold of that 
hotel segment based on financial figures obtained from China Hotel Industry Study 
(Haworth, 2007) and Yearbook of China Tourism Statistics and Supplement (NTAPRC, 
2007).
Once the cost ratio is calculated, the Z Score can be obtained. Therefore, the Q* 
is derived by using the equation: Z Score = (Q* - Y) / a, where Y represents the 
estimated future annual demand and a  represents the standard deviation of the demand. 
Both Y and a  are derived from the trend regression model.
Finally, the study is able to identify the annual optimal capacity Q* for China’s 
three-, four-, and five-star rated hotels from 2008 to 2011. The estimated annual optimal 
capacity Q* is then compared to the expected number of hotel rooms to examine the 
possible under- or overcapacity in China’s lodging industry.
Summary of Variables and Data
The variables used in the study were number of room nights sold that was used 
for the development of time series forecasting models for future room demand, and fixed 
cost per room night available and income before tax per room nights sold that were used 
for the application o f single-period inventory models.
Due to different availability of data in different time periods, monthly data were 
used to evaluate Shanghai’s hotel industry, and annual data were used for China’s hotel 
industry. For the study on Shanghai, monthly numbers of room nights sold from January, 
2004 to December, 2007 were used. They were calculated by multiplying monthly 
occupancy rates provided by Shanghai Municipal Tourism Administrative Commission
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by monthly numbers o f room nights available for that time period. Monthly numbers of 
room nights available were derived by adding average monthly increase to previous 
month’s room nights available. For example, the number of room nights available in 
January, 2004 was obtained by adding average monthly increase o f room nights available 
in 2004 to number o f room nights available at the end of December, 2003. The average 
monthly increase of room nights available was calculated by dividing the difference 
between annual room nights available at the end o f two years by twelve. For example, 
the average monthly increase of room nights available in 2004 was calculated by dividing 
the difference between the number o f room nights available at the end o f December, 2003 
and the number of room nights available at the end of December, 2004 by twelve. The 
annual room nights available for above calculation was calculated by multiplying annual 
number o f rooms available by 365 days a year. The annual numbers o f rooms available 
from 2004 to 2006 were collected from the Yearbooks of China Tourism Statistics and 
Supplements (NTAPRC, 2005 - 2007); and the annual number of rooms of 2007 was 
obtained from the publication of Shanghai Municipal Tourism Administrative 
Commission (Chen, 2007). To apply the single-period inventory model, the fixed cost 
per room nights available and income per room nights sold were calculated based on the 
information from China Hotel Industry Studies (Horwath, 2007). The cost information 
used for the study of Shanghai was calculated based on the amount o f total sales revenue 
of each o f the three Shanghai’s hotel segments included in the study, and the percentages 
of income before taxes to total revenue, fixed cost to total revenue of China’s three-, 
four-, and five-star rated hotels were used because Shanghai’s percentages were
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unavailable. In other words, the cost ratios used for Shanghai’s study were based on 
Shanghai’s financial figures and the nation’s average percentages.
Data for China’s hotel industry were collected fi'om the Yearbooks o f China 
Tourism Statistics (NTAPRC, 1993 - 2007) and China Hotel Industry Studies (Haworth, 
2007). The annual number of room nights available was derived by multiplying annual 
number of rooms from the Yearbooks by 365 days; and the cost information derived 
using same steps that were used for Shanghai, except both financial figures and 
percentages were for China’s hotel industry.
In summary, a research design with model applications for estimating optimal 
lodging capacity was presented in this chapter with detailed information on statistical 
analysis techniques, data collection, and variable selections. The results will be discussed 
in next chapter.
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CHAPTER 4
FINDINGS OF THE STUDY 
This chapter includes two sections: (1) data analysis and findings for China’s 
three-, four-, and five-star rated hotels, and (2) data analysis and findings for Shanghai’s 
three-, four-, and five-star rated hotels. In section (1), regression models were developed 
for all three hotel segments included in the study, and combining the cost ratios with 
future demand and probability distribution estimated from the regression models, future 
annual optimal capacity for China’s four- and five-star rated hotels were estimated. 
Section (2) includes similar steps as section (1) except monthly data was used.
However, future optimal capacity was only estimated for China’s and Shanghai’s 
four- and five-star rated hotel segments. Due to the overall sluggish performance of the 
nation’s three-star rated hotel segment, the calculated income before tax per room night 
sold for both China and Shanghai were negative. In other word, the Cu for Equation (2) 
was negative, which would cause an unreasonable negative value for probability of 
demand equal or less than optimal capacity. Further, a negative income before tax per se 
indicated that both China’s and Shanghai’s three-star rated hotels have been facing over­
capacity problems. A forecasted future demand would help practitioner and investors to 
understand the magnitude of the over-capacity and to make scientific expanding 
decisions. Therefore, the single-period inventory model wasn’t applied to three-star
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segment, neither for Shanghai or China; and no future optimal capacity was estimated. 
Instead, only future demand on China’s and Shanghai’s three-star hotels was forecasted.
China’s Three-, Four-, and Five-Star Rated Hotels 
In this portion of the dissertation, three time series regression equations, with 
annual numbers o f room nights sold as dependent variables, were developed for China’s 
three-, four-, and five-star rated hotel segments, respectively. Then, the single-period 
inventory model was applied to four- and five-star rated hotels to estimate future annual 
optimal lodging capacity for each of the two hotel segments from 2008 to 2011. The 
future annual demand on three-star rated hotels from 2008 to 2011 was forecasted by the 
regression model.
SPSS 15 was used for this portion of the study.
Three-star Rated Hotels 
The output o f SPSS curve estimations (Figure 1 and Table 9) displays different 
regression curve estimates for predicting room demand of China’s 3-star rated hotels. 
Among the 11 regression models, both cubic curve and quadratic curve have the highest 
R Square of 0.985. Quadratic curve was selected for the time series forecasting model 
because o f its higher F  value and its simplicity relative to a cubic model. Therefore, 
another regression analysis was performed with annual number o f room nights sold in 
China’s three-star rated hotels as dependent variable, time sequence and square of time 
sequence as independent variables. Table 10 lists the SPSS results, which shows that the 
time sequence (X variable) is not significant in this model. Consequently, X variable was 
removed from the model, and another regression analysis was performed with room
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nights as dependent variable and square of time sequenee as independent variable. Table 
11 shows the improved SPSS results.
China's 3-Star Rated Hotel Room Nights Sold
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Figure 1
SPSS Output -  Curve fit for the demand prediction for China’s 3-star rated hotels.
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Table 9
Regression curve estimation fo r  the demand prediction fo r  China’s three-star rated 
hotels
Regression method R Square F  Value
Linear 113.969
Logarithmic .646 23397
Inverse 328 6.346
Quadratic ^85 399.046
Cubic ^85 248.701
Compound .984 776.526
Power 334 65359
S .514 13.731
Growth 334 776.526
Exponential 384 776.526
Logistic 384 776.526
Therefore, the model to forecast future demand on China’s 3-star rated hotels in room 
nights was written as;
T= 14,429,560 + 525,066 ^  (3)
6 6
Table 10
Quadratic regression forecasting model fo r  room nights o f  China’s 3-star rated hotels
Coefficient T Value Sig.
Constant 20000000 4328 .000
X -2601870 -1.938 .077
678600 8334 .000
Table 11
Modified quadratic regression forecasting model fo r  room nights o f  China’s 3-star rateo
hotels
Coefficient T Value Sig.
Constant 14429560 6.394 .000
X^ 525066 25366 .000
.980, Adjusted R^ = 0.979, Model F  Value = 643.438, Model P  Value= .000
To predict the room nights demand for 2008, 2009, 2010, and 2011, which are the 
17th, and 20 '̂’ year following the data series, numbers 17, 18, 19, and 20 were
used as X. The forecasted demands on China’s three-star rated hotels were 166173634, 
184550944, 203978386, and 224455960 room nights for 2008, 2009, 2010, and 2011, 
respectively.
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Four-Star Rated Hotels
China’s 4-Star Rated Hotel Room Nights Sold
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Figure 2
SPSS Output -  Curve fit for the demand prediction for China’s 4-star rated hotels.
The output of SPSS curve estimations (Figure 2 and Table 12) displays different 
regression curve estimates for predieting room demand of China’s 4-star rated hotels. 
Among the 11 regression models, the cubic curve seemed fit the data the best because it 
had the highest R-Square of .986.
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Table 12
Regression curve estimation fo r  the demand prediction fo r  China’s four-star rated hotels
Regression method R Square F  Value
Linear .829 63.007
Logarithmic .557 16.376
Inverse .264 4.651
Quadratic .981 311.615
Cubic ^86 254.453
Compound .959 302.084
Power .760 41.255
S .437 10.077
Growth .959 302.084
Exponential ^59 302.084
Logistic .959 302.084
Therefore, another regression analysis was performed with annual number of 
room nights sold in China’s 4-star rated hotels as dependent variable, time sequence (X), 
square o f time sequence (X^), and cubic o f time sequence (X^) as independent variables. 
However, based on the results listed in Table 13, none of the independent variable had P- 
value that w as sm aller than 0 .05. Therefore, another three regression analyses w ere  
performed with to find the best model. Table 14 lists the summary of the three analyses. 
Since it has the highest value, the model with independent variables X and X  ̂was 
selected for the forecasting purpose. However, from the detailed model statistics shown
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in Table 15, the X variable is not significant. Therefore, the model finally chosen for 
forecasting purpose was the one with X  ̂variable as the only independent variable (Table 
16).
Table 13
Cubic Regression Forecasting Model fo r  room nights o f  China’s 4-star rated hotels
Coefficient T Value Sig.
Constant 7782298 2.028 .067
X 212035 .109 .915
X^ -60490 -.221
x^ 21435 1.914 .082
Table 14
Model Comparisons
Independent Adjusted Model
Variables R^ F-Value
X and X"* .993 ^86 415.044
X^andX^ .983 416.454
X^ .990 j# 4 879.403
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Table 15
Cubic Regression Forecasting Model fo r  Room Nights o f  China’s 4-star Rated Hotels 
(X  and as independent variables)
Coefficient T Value Sig.
Constant 8,496,325 4.299 .001
X -208,350 -.517 .615
X^ 18,995 11.490 .000
Table 16
Cubic regression forecasting model fo r  room 
(X^ as independent variable)
nights o f  China’s 4-star rated hotels
Coefficient T Value Sig.
Constant 7,587,438 &67 .000
X^ 18,205 29.655 .000
Standard Error = 2,505,459.
Based on Table 15, the forecasting model can be written as:
7= 7,587 ,438+  18,205 y  (4)
To predict the demand on China’s four-star rated hotels in number or room nights 
for 2008, 2009, 2010, and 2011, which are the 17*, 18*, 19*, and 20* year following the 
data series, 17, 18, 19, and 20 were used asX. The forecasted demands on China’s four- 
star rated hotels were 97028603, 113758998, 132455533, and 153227438 for 2008, 2009,
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2010, and 2011, respectively. The standard deviation of Y estimate, as indicated in Table 
13, was 2,505,459 room nights.
To apply the single-period inventory model for the purpose of estimating future 
optimal room capacity for China’s four-star rated hotels, the cost ratio was computed 
based on the financial information of fiscal year 2006 collected from China Hotel 
Industry Studies (Haworth, 2007) and Yearbook o f China Tourism Statistics Supplement 
(NTAPRC, 2007). The financial data from fiscal year 2006 were used because they were 
the most recent data available, and expected to provide most precise future forecast.
Using the total amount of tax levied by Chinese government from China’s four- 
star rated hotels in 2006 fiscal year, total revenue generated by China’s four-star rated 
hotels in 2006 fiscal year, and Chinese flat business tax rate of 33%, the average 
percentage of income before tax of total revenue was derived. The income before tax of 
China’s four-star rated hotels was then calculated by multiplying the percentage by total 
revenue. The Cu, which was income before tax per room nights sold, was derived by 
dividing total income before tax by total number of room nights sold, which resulted in 
RMB 151.19. The calculation of Co, which was fixed cost per room night available, 
involved three steps. In step one, the percentage of fixed cost of total revenue was 
calculated by subtracting the percentage of income before tax o f total revenue from the 
percentage of income before tax, management fee, fixed charges, depreciations, and 
amortizations of total revenue. The percentage of fixed cost o f total revenue was 
multiplied by total revenue in step two to obtain total amount of fixed cost for China’s 
four-star rated hotels in fiscal year 2006. The Co was then calculated by dividing the
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total fixed cost by total number of four-star rated hotel room nights available in fiscal 
year 2006, which resulted in RMB 32.11.
Based on equation (2), the cost ratio of Cu/(Co+Cu) for China’s four-star rated 
hotels was estimated at 0.825, which indicated that the optimal capacity of room nights 
available or Q* should be at the level where the probability for the demand to be less than 
Q* (overcapacity) is 0.825 and the probability for the demand to exceed Q* (under­
capacity) is 0.175. In a standard normal distribution, Q* is located at the right-hand side 
of the mean with a Z-value of 0.94. Therefore, using the mean demand Y  forecasted by 
equation (4) and standard error of the regression equation, the optimal capacity Q* can be 
estimated by solving the equation:
0.94 = (Q* - 7) / Standard Error
In other words, the estimated optimal capacity was 0.94 of the standard error over the 
estimated mean demand using equation (4). Therefore, the equation used to estimate 
annual future optimal lodging capacity was written as:
Q* = 7 + 0 .9 4  x 2,505,495 (5)
Therefore, with the mean demand 7  forecasted for future four years using 
Equation (4), which was 82155118, 97028603, 113758998, and 132455533, Q*, the 
annual optimal capacity of China’s four-star rated hotels was estimated by Equation (5) 
to be 99383768, 116114163, 134810698, and 155582603 room nights, or 272285, 
318121, 369345, and 426254 rooms for year 2008, 2009, 2010, and 2011, respectively.
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Five-star Rated Hotels
To develop a time series model to forecast fumre annual demand for China’s five- 
star rated hotels, a curve estimate analysis was performed by SPSS with annual number 
o f room nights sold as dependent variable and time sequence o f 1 through 15, which 
represented years from 1992 to 2006, as independent variable. Figure 3 and Table 17 
both suggested that cubic curve fitted the data the best.
China's 5-Star Rated Hotel Room Nights Sold
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Figure 3
SPSS Output -  Curve fit for the demand prediction for China’s 5-star rated hotels.
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Table 17
Regression curve estimation fo r  the demand prediction fo r  China’s five-star rated hotels
Regression method R Square F  Value
Linear ^53 75.142
Logarithmic ^92 18.827
Inverse 5.354
Quadratic .978 265.868
Cubic .983 209.349
Compound ^63 340.089
Power .779 45.950
S .462 11.170
Growth .963 340.089
Exponential .963 340.089
Logistic .963 340.089
Therefore, a regression analysis was performed using annual number of China’s 
five-star rated hotel room nights sold as dependent variable, and time sequence, square of 
time sequence, and cubic of time sequence as independent variables. However, the 
results in Table 18 indicated that none of the independent variables was significant. So 
another three regression analyses with different independent variables were performed to 
identify the best model. Table 19 indicates that the model with independent variables X 
and has the highest R^. Therefore, another regression analysis was performed with 
annual number o f room nights sold in China’s five-star rated hotels as dependent variable.
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and X and X as independent variables; but the results (Table 20) indicates that the X 
variable is not significant with significant level of .614.
Table 18
Cubic regression forecasting model fo r  room nights o f  China’s 5-star rated hotels
Coefficient r  Value Sig.
Constant 3707957 2.246 .046
X 460498 ^48 .594
X^ 53243 -.451 .661
x^ 8930 1.853 .091
Model Comparisons
Independent Adjusted Model
Variables R^ F-Value
X and X" j# 3 j #0 338.522
X^ and X^ ^82 .980 335.562
X^ ^82 711.149
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Table 20
Cubic regression forecasting model fo r  room nights o f  China’s 5-star rated hotels 
(X  and as the only independent variable)
Coefficient T Value Sig.
Constant 4,336,436 5.063 .000
X 90,479 .518 .614
X^ <iJ82 9.467 .000
Table 21
Cubic regression forecasting model fo r  room nights o f  China’s 5-star rated hotels
()ê as the only independent variable)
Coefficient T Value Sig.
Constant 4,731,135 12.473 .000
X^
T ,2 * J-
7,125
J t ,2
26.780 .000
Error = 1,085,881.
Therefore, another regression equation with as the only independent variable 
was developed. Based on the model statistics (Table 21), the equation was written as:
7  = 4,731,135 + 7,125 y  (6)
To predict the demand on China’s five-star rated hotels in number of room nights 
for 2008, 2009, 2010, and 2011, which are the 17'^, 18^, 19'” and 20“’ year following the 
data series, 17, 18, 19, and 20 were used a sX  The forecasted annual demand was
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39736260, 46284135, 53601510, and 61731135 room nights for 2008, 2009, 2010, and 
2011, respectively. The standard deviation o f Y  estimate, as indicated in Table 16, was 
1,085,881 room nights.
To apply the single-period inventory model to estimate the optimal capacity for 
China’s five-star rated hotels, under-cost and over-cost for five-star rated hotels were 
estimated using financial information o f fiscal year 2006 provided by China Hotel 
Industry Study (2007) and Yearbook of China Tourism Statistics and Supplement (2007). 
Following the same steps o f estimating Co and Cu for four-star rated hotels, the fixed 
cost per room night available was estimated to be RMB 181.69; and the income before 
tax per room night sold was estimated to be RMB 241.36. Therefore, based on equation 
(2), the cost ratio of Cu / (Co + Cu) for China’s five-star rated hotels was estimated at 
0.571, which indicated that the optimal capacity o f room nights available or Q* should be 
at the level where the probability for the demand to be less than Q* is 0.571 and the 
probability for the demand to exceed Q* is 0.429. In a standard normal distribution, Q* 
is located at the right-hand side o f the mean with a Z-value of 0.18. Therefore, using the 
mean demand Y  forecasted by equation (6) and standard error o f the regression equation, 
the optimal capacity Q* can be estimated by solving the equation:
0.18 = (Q * -7 )  / Standard Error
In other words, the estimated optimal capacity was 0.18 of the standard error over the 
estimated mean demand using equation (6). Therefore, the equation used to estimate 
annual future optimal lodging capacity was written as:
Q* = 7 + 0 .1 8  X 1,085,881 (7)
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Therefore, with the mean demand Y  forecasted for future four years using 
Equation (6), Q*, the annual optimal capacity for China’s five-star rate hotels was 
estimated by Equation (7) to be 39931719, 46479594, 53796969, and 61926593 room 
nights, or 109402, 127341, 147388, and 169661 rooms for year 2008, 2009, 2010, and 
2011, respectively.
Shanghai’s Three-, Four, and Five-Star Rated Hotels 
Another focus of this dissertation was Shanghai’s three-, four-, and five-star rated 
hotels. Based on deseasonlized data, three time-series regression models were developed 
for each of the three hotel segments. The single-period inventory model was then applied 
to four- and five-star rated hotels to estimate future monthly optimal room capacity from 
January, 2008 to December, 2011. Since single-period inventory model wasn’t 
applicable to three-star hotel due to its negative income before tax; instead, only future 
monthly demand for the same time period was forecasted using the time-series model. 
SPSS 15 was used for this portion of the study.
Three-star Rated Hotels 
Figure 4 and Table 22 indicate that the Cubic curve fits the deseasonalized data the 
best with the highest R-Square of .850 and the highest F-Value of 83.334. Therefore, a 
new regression analysis was performed with number of room nights sold as dependent 
variable and time sequence, squared time sequence, and cubic time sequence as three 
independent variables. Results are shown in Table 23.
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Figure 4.
SPSS Output -  Curve fit for the demand prediction for Shanghai’s 3-star rated hotels.
SPSS output (Table 23) shows that this equation fits the data well. The equation can 
be written as:
7 =  438,246 + 18,792.843 1,069.201 +13.871 ^  (8)
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Table 22
Regression curve estimation fo r  the demand prediction fo r  Shanghai’s Three-star rated 
hotels
Regression method R Square F  Value
Linear .643 82.841
Logarithmic .347 24.399
Inverse .025 1.175
Quadratic .660 43.587
Cubic ^ 5 0 83.334
Compound .658 88.573
Power ^52 25.022
S .025 1.184
Growth .658 88.573
Exponential 88.573
Logistic .658 88.573
Since Shanghai’s three-star rated hotels had overall negative income before tax, the 
single-period inventory model wasn’t applied. Therefore, instead of future monthly 
optimal room capacity, this dissertation used Equation (8) to forecast future monthly 
demand.
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7a6/e 23
Cubic regression forecasting model fo r  room nights o f  Shanghai’s three-star rated hotels 
(X, X^, and X^ as independent variables)
Coefficient r  Value Sig.
Constant 438,246 26.203 .000
X 18,792.843 6.424 .000
-1,069.201 -7.749 .000
x^ 13.871 7.490 .000
R^= .850, Adjusted R^ = .840, Model F  Value = 83.334, Model P  Value= .000, Standard 
Error = 26,736.
Table 24
Monthly Seasonal Indexes fo r  Shanghai’s Three-star Rated Hotels
Month Indexes Month Indexes
Jan. 0.853740025 Jul. 1.006717261
Feb. 0.707483139 Aug. 0.9747864
Mar. 1.102545619 Sept. 1.037030547
Apr. 1.094633031 Oct. E098379899
May 1.04576742 Nov. 1.116778059
Jun. 1.009186477 Dec. 0.952952124
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Table 25
Forecasted Future Monthly Dem andfor Shanghai’s Three-Star Hotels
(in Number o f  Rooms and Room Nights)
2008 2009
Forecasted Demand Forecasted Demand
Month Rooms Room Nights Month Rooms Room
Nights
Jan. 11,673 361,860 Jan. 20,781 644,203
Feb. 11,086 310,416 Feb. 20,195 565,450
Mar. 16,207 502,420 Mar. 30,122 933,788
Apr. 17,322 519,653 Apr. 32,757 982,696
May 16,731 518,652 May 32,106 995,288
Jun. 17,474 524,224 Jun. 33,942 1,018,260
Jul. 17,709 548,970 Jul. 34,735 1,076,792
Aug. 18,037 559,138 Aug. 35,648 1,105,077
Sept. 20,893 626,798 Sept. 41,524 1,245,717
Oct. 22,600 700,588 Oct. 45,084 1,397,593
Nov. 25,088 752,649 Nov. 50,154 1,504,612
Dec. 21,913 679,292 Dec. 43,833 1,358,829
(Continued)
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Table 25 (Continued)
Forecasted Future Monthly D em andfor Shanghai’s Three-Star Hotels
(in Number o f  Rooms and Room Nights)
2010 2011
Forecasted Demand Forecasted Demand
Month Rooms Room Nights Month Rooms Room
Nights
Jan. 41,542 1,287,787 Jan. 77,916 2,415,391
Feb. 40,297 1,128,318 Feb. 75,027 2,100,767
Mar. 59,939 1,858,100 Mar. 110,772 3,433,918
Apr. 64,942 1,948,264 Apr. 119,126 3,573782
May 100,134 3,104,150 May 115,382 3,576,831
Jun. 104,646 3,139,384 Jun. 120,464 3,613,930
Jul. 104,599 3,242,574 Jul. 121,687 3,772,295
105,963 3,284,851 Aug. 123,221 3,819,848
Sept. 118,082 3,542,460 Sept. 141,579 4,247,363
Oct. 123,143 3,817,426 Oct. 151,589 4,699,247
Nov. 95,432 2,862,954 Nov. 166,276 4,988,285
Dec. 82,813 2,567,215 Dec. 143,274 4,441,496
The forecasted future monthly demand on Shanghai’s three-star rated hotels from 
January, 2008 to December, 2011 was “seasonalized back” by multiplying the forecasted 
figures with monthly adjusted seasonal indexes (Table 24), which was used to
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deseasonalize the data, to reach actual forecasting. Adjustments were made to May, 2010 
through October, 2010 to reflect the expected extra demand caused by World Expo 
visitors. The results are listed in Table 25.
Four-star Rated Hotels 
The curve fit analysis for Shanghai’s four-star rated hotels was performed with 
deseasonalized monthly room nights sold from January, 2004 to December, 2007 as 
dependent variable and time sequence as independent variable. Results, Figure 5 and 
Table 26 show that Cubic curve fits the data the best with the highest R-Square of .568 
and the highest F-Value of 19.291.
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Figure 5
SPSS Output -  Curve fit for the demand prediction for Shanghai’s 4-star rated hotels.
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Table 26
Regression curve estimation fo r the demand prediction fo r  Shanghai’s Four-star rated 
hotels
Regression method R Square F  Value
Linear .455 38.474
Logarithmic .483 42.892
Inverse .420 33.309
Quadratic .456 18.876
Cubic J68 19.291
Compound .427 34.336
Power .502 46.416
S .502 46.454
Growth .427 34.336
Exponential .427 34.336
Logistic .427 34.336
Therefore, a regression analysis was performed with deseasonalized monthly 
number of room nights sold as dependent variable, and time sequence, squared time 
sequence, and cubic time sequence as independent variables. Table 27 confirms that the 
cubic curve fits data well, and all parameters are significant. The forecasting regression 
equation was written as:
Y=  244,148 + 7,503.857 X -  318.110 + 4.387 (9)
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Table 27
Cubic regression forecasting model fo r  room nights o f  Shanghai’s four-star rated hotels 
(X, X^, and X^ as independent variables)
Coefficient T Value Sig.
Constant 244,148 20.806 .000
X 7,503.857 3.656 .001
-318.110 96.801 .002
x^ 4.387 1.299 .002
Error = 18,758.
Using Equation (9), future monthly demand for Shanghai’s four-star rated hotels 
from January, 2008 to December, 2011 was forecasted. The forecasted results were then 
“seasonalized back” using adjusted seasonal indexes (Table 28), which were used to 
deseasonalize the data. Further, the extra monthly demand from the World Expo was 
added onto the May, 2010 to October, 2010. Single-period inventory model was then 
applied to estimate monthly optimal room capacity for Shanghai’s four-star rated hotels.
To apply the single-period inventory model to estimate the optimal capacity for 
Shanghai’s four-star rated hotels, cost ratio for this hotel segment was needed. However, 
due to limited availability of data, the percentages needed to compute fixed cost and 
income before tax of Shanghai’s four-star rated hotels couldn’t be developed. Therefore, 
the percentages of China’s four-star rated hotels were used.
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Table 28
Monthly Seasonal Indexes fo r  Shanghai’s Four-star Rated Hotels
Month Indexes Month Indexes
Jan. &889896691 Jul. 0.979074496
Feb. 0.718638009 Aug. 0.930235972
Mar. 1.12089377 Sept. 1.071184881
Apr. 1.097994519 Oct. 1.116622992
May 1.008919809 Nov. 1.154641817
Jun. 0.993383803 Dec. 0.918513246
Under-cost and over-cost were estimated using financial information of fiscal year 
2006 provided by China Hotel Industry Study (Haworth, 2007) and Yearbook o f China 
Tourism Statistics and Supplement (NTAPRC, 2007). Following the same steps of 
estimating Co and Cu for four-star rated hotels, the fixed cost per room night available 
was estimated to be RMB 56.13; and the income before tax per room night sold was 
estimated to be RMB 257.62. Therefore, based on equation (2), the cost ratio of Cu / (Co 
+ Cu) for Shanghai’s four-star rated hotels was estimated at 0.821, which indicated that 
the optimal capacity of room nights available or Q* should be at the level where the 
probability for the demand to be less than Q* is 0.821 and the probability for the demand 
to exceed Q* is 0.179. In a standard normal distribution, Q* is located at the right-hand 
side o f the mean with a Z-value of 0.92. Therefore, using the mean demand Y forecasted 
by equation (6) and standard error of the regression equation, the optimal capacity Q* can 
be estimated by solving the equation:
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0.92 = (Q* - Y) ! Standard Error
In other words, the estimated optimal capacity was 0.92 of the standard error over the 
estimated mean demand using equation (9). Therefore, the equation used to estimate 
annual future optimal lodging capacity was written as:
Q* = T+0.92 x18,758 (10)
Estimated Q*, the monthly optimal capacity for Shanghai’s four-star rated hotels 
from January, 2008 to December, 2011, is listed in Table 29.
Five-star Rated Hotels 
The determine the best model that fits the data, a curve fit analysis was performed 
with deseasonalized monthly room nights sold of Shanghai’s five-star rated hotels from 
January, 2004 to December, 2007. Figure 6 and Table 30 suggest that Cubic curve fits 
the data the best with the highest R-Square of .942.
To determine the regression equation for forecasting purpose, a regression 
analysis was performed with deseasonalized monthly room nights sold as dependent 
variable and time sequence, squared time sequence, and cubic time sequence as 
independent variables. Table 31 indicates that result is satisfactory. The forecasting 
regression equation for Shanghai’s five-star rated hotels was written as:
Y=  201,270 + 7,108.546 X -345.940 X^ + 5.722 (11)
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SPSS Output -  Curve fit for the demand prediction for Shanghai’s 5-star rated hotels.
Using Equation (11), future monthly demand for Shanghai’s four-star rated hotels 
from January, 2008 to December, 2011 was forecasted. The forecasted results were then 
“seasonalized back” using adjusted seasonal indexes (Table 32), which were used to 
deseasonalize the data. Further, the extra monthly demand from the World Expo was 
added onto the May, 2010 to October, 2010. Single-period inventory model was then 
applied to estimate monthly optimal room capacity for Shanghai’s four-star rated hotels.
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Table 29
Estimated Monthly Optimal Room Capacity fo r  Shanghai’s Four-Star Hotels
(in Number o f  Rooms and Room Nights)
2008 2009
Month
Forecasted Demand 
Rooms Room Nights Month
Forecasted Demand 
Rooms Room Nights
Jan. 11,011 341,341 Jan. 15,311 474,630
Feb. 10,175 284,908 Feb. 14,273 399,657
Mar. 14,347 444,744 Mar. 20/W9 635,171
Apr. 14,887 446,602 Apr. 21,490 644,698
May 13,621 422,243 May 19,845 615,208
Jun. 14,236 427,070 Jun. 20,938 628,149
Jul. 13,963 432,840 Jul. 20,718 642,257
Aug. 13,676 423,955 Aug. 20,448 633,895
Sept. 16,671 500,116 Sept. 25,161 754,834
Oct. 17,313 536,717 Oct. 26^46 816,112
Nov. 19,070 572,100 Nov. 29,191 875,716
Dec. 15,276 473^52 Dec. 23/K 4 727,068
(Continued)
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Table 29 (Continued)
Estimated Monthly Optimal Room Capacity fo r  Shanghai’s Four-Star Hotels
(in Number o f  Rooms and Room Nights)
2010 2011
Month
Forecasted Demand 
Rooms Room Nights Month
Forecasted Demand 
Rooms Room Nights
Jan. 23,618 732,146 Jan. 37,238 1,154,365
Feb. 22,052 617,450 Feb. 34,678 970,973
Mar. 31,954 990,568 Mar. 50,384 1,561,918
Apr. 33,619 1,008,555 Apr. 52,937 1,588,116
May 52,015 1,612,462 May 4&,885 1,515,444
Jun. 54,496 1,634,878 Jun. 51,600 1,547,989
Jul. 53,509 1,658,767 Jul. 51,047 1,582,451
53,114 1,646,525 Aug. 50,313 1,559,704
Sept. 61,324 1,839,718 Sept. 61,968 1,859,039
Oct. 62,504 1,937,626 Oct. 64,761 2,007,596
Nov. 46,143 1,384,282 Nov. 71,677 2,150,315
Dec. 37,003 1,147,102 Dec. 57,272 1,775,433
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Regression curve estimation fo r  the demand prediction fo r  Shanghai’s Five-star rated 
hotels
Regression method R Square F  Value
Linear ^34 79jW9
Logarithmic .465 39.907
Inverse .244 14.859
Quadratic .731 61.057
Cubic 74.531
Compound .641 8L985
Power ^23 50J78
S .331 2Z796
Growth .641 8L985
Exponential .641 8L985
Logistic .641 8L985
To apply the single-period inventory model to estimate the optimal capacity for 
Shanghai’s five-star rated hotels, under-cost and over-cost for five-star rated hotels were 
estimated using financial information of fiscal year 2006 provided by China Hotel 
Industry Study (2007) and Yearbook o f China Tourism Statistics and Supplement (2007).
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Table 31
Cubic regression forecasting model fo r  room nights o f  Shanghai’s five-star rated hotels 
(X, X^, and X^ as independent variables)
Coefficient r  Value Sig.
Constant
X
x^
201,270
7,180.546
-354.940
5J22
20.631
4208
-4298
5297
.000
.000
.000
.000
R = .836, Adjusted R = .824, Model F  Value = 74.531, Model P  Value== .000, Standard 
Error = 15,594.
Table 32
Monthly Seasonal Indexes fo r  Shanghai’s Five-star Rated Hotels
Month Indexes Month Indexes
Jan. 0.902760706 Jul. (h988595321
Feb. 0.757690637 Aug. 0.944909237
Mar. 1.081727267 Sept. 1.060710558
Apr. 1.094098291 Oct. 1.092410446
May 1.053544336 Nov. 1.122796425
Jun. 1.033702021 Dec. 0.867054752
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Following the same steps of estimating Co and Cu for four-star rated hotels, the 
fixed cost per room night available was estimated to be RMB 344.06; and the income 
before tax per room night sold was estimated to be RMB 507.16. Therefore, based on 
equation (2), the cost ratio of Cu / (Co + Cu) for China’s five-star rated hotels was 
estimated at 0.596, which indicated that the optimal capacity o f room nights available or 
Q* should be at the level where the probability for the demand to be less than Q* is 0.596 
and the probability for the demand to exceed Q* is 0.404. In a standard normal 
distribution, Q* is located at the right-hand side o f the mean with a Z-value of 0.24. 
Therefore, using the mean demand Y forecasted by equation (6) and standard error of the 
regression equation, the optimal capacity Q* can be estimated by solving the equation: 
0.24 = (Q* - Y) ! Standard Error
In other words, the estimated optimal capacity was 0.18 of the standard error over the 
estimated mean demand using equation (6). Therefore, the equation used to estimate 
annual future optimal lodging capacity was written as:
Q * -  7 + 0 .2 4  X 15,594 (12)
After the monthly seasonality was added back into the mean demand 7  forecasted 
for future forty-eight months, Q*, the monthly optimal capacity for Shanghai’s five-star 
rated hotels was estimated by Equation (12). The results are listed in Table 33 with 
adjustments made to May, 2010 through October, 2010 to reflect the expected extra 
demand caused by World Expo.
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Table 33
Estimated Monthly Optimal Room Capacity fo r  Shanghai’s Five-Star Hotels
(in Number o f  Rooms and Room Nights)
2008 2009
Month
Forecasted Demand 
Rooms Room Nights Month
Forecasted Demand 
Rooms Room Nights
Jan. 11,541 357,782 Jan. 18,946 587,318
Feb. 11,150 312,196 Feb. 18,424 515,880
Mar. 14,883 461,362 Mar. 24,786 768,352
Apr. 16,173 485,202 Apr. 272W5 812,538
May 15,691 486,426 May 26296 818,273
Jun. 16,574 497,211 Jun. 27,986 839,565
Jul. 15,995 495,835 Jul. 27,087 839,683
Aug. 15,951 494,486 Aug. 27,072 839,236
Sept. 19,294 578,831 Sept. 32,811 984,335
Oct. 20,075 622225 Oct. 34,176 1,059,457
Nov. 22268 668,029 Nov. 372%8 1,137,834
Dec. 17,416 539,887 Dec. 29,641 918,882
(Continued)
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Table 33 (Continued)
Estimated Monthly Optimal Room Capacity fo r  Shanghai’s Five-Star Hotels
(in Number o f  Rooms and Room Nights)
2010 2011
Month
Forecasted Demand 
Rooms Room Nights Month
Forecasted Demand 
Rooms Room Nights
Jan. 32,231 999,158 Jan. 53,125 1,646,860
Feb. 31,297 876,319 Feb. 51,374 1,438,464
Mar. 42,080 1,304,484 Mar. 68,837 2,133,932
Apr. 45,902 1,377,045 Apr. 74,788 2,243,630
May 632177 1,983,301 May 72,427 2,245,234
Jun. 67,194 2,015,811 Jun. 76,283 2,288,496
Jul. 64,906 2,012,087 Jul. 73,320 2,272,917
64,745 2,007,094 Aug. 72,753 2,255,341
Sept. 74,853 2,245,586 Sept. 87,558 2,626,732
Oct. 76,303 2,365,391 Oct. 90,521 2,806,157
Nov. 62,996 1,889,888 Nov. 99,693 2,990,800
Dec. 49,036 1,520,124 Dec. 77,260 2,395,051
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Demand from World Expo
It is expected that 2010 World Expo in Shanghai will attract a large amount of 
visitors, both foreign and domestic. Hence, in addition to the regular demand, there will 
be another component of demand on Shanghai’s hotel rooms while the World Expo is 
held in Shanghai during May 1,2010 and October 31, 2010. To identify the demand on 
hotel rooms generated by World Expo, the expected number of Expo visitors needed to 
be estimated.
Information of previous World Expositions suggested that the number of visitor is 
correlated to the size of area (ExpoMuseum, n.d.). Therefore, the information of twenty- 
one of previous World Expositions between 1958 and 2005 were collected from the 
website of Expomuseum (n.d.). A Pearson’s r analysis indicated that the size of the Expo 
site and number o f visitors are significantly correlated (R = .752, p < .0005). A 
regression equation was developed based on numbers of visitors (dependent variable) 
with sizes of Expo sites in hectares (independent variable) o f the twenty-one previous 
World Expositions to predict the total number of visitors of 2010 World Expo.
Number of Expo Visitors = -1,280,701 + 139924 x Hectare 
(F =  24.719, < .0005); Adjusted R^ = .543 
The F-value, p-value, and Adjusted R^ indicate that the regression model fit the data well. 
The SPSS output shows that the constant of the regression model is not significant 
(p=.691), which further proves the validity o f the model because an insignificant constant 
means that there is no visitors when size of the Expo site is zero hectare. Therefore, the 
equation used to predict number of visitors to 2010 Shanghai Expo is:
Number o f Expo Visitors = 139,924 x Hectare
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With planned size of 528 hectare (Bureau of Shanghai World Expo, 2007), the 
number of visitors to 2010 Shanghai World Expo was predicted to be 73,879,872, 4% of 
which, or 2,955,195 are expected to be foreign visitors. According to the distribution 
percentages of foreign visitors listed in Table 8, the numbers of foreign Expo visitors 
expected to stay at Shanghai’s three-, four-, and five-star rated hotels from May, 2010 
through October, 2010 are 520,114 (2,955,195 x 17.6%), 864,099 (2,955,195 x 29.24%), 
and 878,284 (2,955,195 x 29.72%), respectively.
The statistics of Aichi Expo was used for estimating the amount of time each 
Expo visitor will spend in 2010 Shanghai World Expo. Aichi Expo had a space of 173 
hectares; and the average amount of time a visitor spent in the Expo was 6.917 hours or a 
ratio of 25 hectares per visitor hour (Expo Data, n.d.). Using the same ratio for the 
Shanghai Expo, which will have 528 hectares, it was estimated the average time spent by 
a visitor at the Shanghai Expo will be 21.1 hours. It was reasonable to assume the average 
time an Expo visitor will spend at the event for 5 or 6 hours. So an average time of four- 
day, or three-night length of stay for each Expo visitors was estimated. Therefore, the 
average length of stay for each Expo visitor in Shanghai was estimated to be approximate 
four days; and three room nights would be needed. The foreign Expo visitors are 
expected to generate demand on Shanghai’s three-, four-, and five-star rated hotels of 
1,560,342 (520,114 x 3), 2,592,297 (864,099 x 3), and 2,634,852 (878,284 x 3) room 
nights, respectively.
The demand of domestic Expo visitors on the three hotel segments was estimated 
using the ratios of number of foreign visitors to number of domestic visitors stayed at the 
three hotel segments in 2006 in Shanghai, which is the most recent data available. The
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Yearbook o f China Tourism Statistics (NTAPRC, 2007) indicates that 22.82%, 64.93%, 
and 73.24% of the total number of guests accommodated by Shanghai’s three-, four-, and 
five-star rated hotels during 2006 were foreign visitors, respectively. Based on the 
number o f foreign Expo visitors estimated earlier, the numbers of domestic Expo visitors 
who will stay at Shanghai’s three-, four-, and five-star rated hotels during the six-month 
world Expo were estimated to be 1,759,088 (520,114 / 22.82% x [1-22.82%]), 466,717 
(864,099 / 64.93% x [l _  64.93%]), and 320,902 (878,284 / 73.24% x [1-73.24%]), 
respectively. Therefore, multiplying the numbers of domestic visitors by 3 nights per 
visitor resulted in the demand o f domestic Expo visitors on Shanghai’s three-, four-, and 
five-star rated hotels, which were 5,277,264 (1,759,088 x 3), 1,400,151 (466,717 x 3), 
and 962,706 (320,902 x 3) room nights, respectively. Together with the estimated 
demand from foreign Expo visitors, the estimated total extra demand on Shanghai’s three 
hotel segments during the six-month World Expo is 6,837,606 room nights for three-star 
rated hotels, 3,992,448 room nights for four-star rated hotels, and 3,597,558 room nights 
for five-star rated hotels.
Above estimated extra demand for each hotel sector was then averaged into each 
month of the six-month period in which the World Expo will be held in Shanghai.
Summary
Time-series regression analysis, data deseasonlizing, and application of single­
period inventory model for China’s and Shanghai’s three-, four-, and five-star rated 
hotels were presented in this chapter. Conclusion and implication o f the study will be 
discussed in next chapter.
1 0 0
CHAPTER 5
SUMMARY, CONCLUSION, AND RECOMMENDATIONS
Introduction
Like in any other industry, value maximization is the ultimate goal of hotel 
industry (Chadfield & Delbor, 2005). An appropriately planned rate of development is 
critical to achieve the goal of value maximization as both over-capacity and under­
capacity will hurt a hotel firm’s financial wellbeing mainly because of the nature of the 
services provided by a hotel and the comparably higher initial outlay in hotel industry.
In addition to its negative influence on hotel industry, poorly planned hotel capacity 
might either limited the development of local economy by limiting tourism and its related 
industries, or cause over-supply, which might also bring negative impact to local 
economy, such as high unemployment rates. This is especially true in a developing 
economy that has rich tourism resources (Carey, 1989), such as China.
Tourism industry has been treated a lucrative and promising industry in many 
developing countries as it brings the country potential foreign exchange earnings (Carey, 
1989). Since it opened its door to the western world, China has received a large amount 
of foreign exchange from its rapidly development tourism. From 1997 to 2006, China’s 
tourism revenue generated from foreign tourists increased from USD 12.047 billion to 
USD 33.949 billion (NTAPRC, 2007). In 2006, the foreign exchange China received 
from tourism accounted for 1.2% of its GDP, and 4.6% of its export revenue (China,
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2007). In other words, in 2006, 4.6% of the country’s foreign exchange receipts come 
from tourism. Therefore, it is critical to have plenty room capacity to accommodate 
needs from visitors. However, on the other hand, the over-capacity can’t be ignored due 
to its sever impact on both the hotel industry and local economy, which was mentioned in 
earlier chapters.
Although important, it is not easy to accurately forecast appropriate future room 
capacity for the market because of some unique characteristics of the hotel industry, 
namely probabilistic demand and perishability of room inventory (Walker, 2006). In 
other words, since the inventory, room nights in this case, is perishable and can’t be 
carried over to next time period, the investors and practitioners need to accurately predict 
future demand to avoid unnecessary waste. On the other hand, under-predict can cause 
losing revenue. Therefore, the challenge is: How can the future supply be appropriately 
determined while future demand is unknown, or not certain?
This dissertation used time-series forecasting regression models to forecast future 
demand; and apply the single-period model, which was developed specifically for 
probabilistic future demand, to estimate future optimal room capacity for China’s and 
Shanghai’s hotel industry.
This chapter first summarizes the findings of this dissertation. Implications o f the 
findings are then being discussed. Limitations of the study and recommendations for 
future study are also addressed at the end of this chapter.
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Summary of the Study 
This summary section lists the calculated and estimated results o f this dissertation. 
The forecasted annual demand in term of room nights available for China’s three-, four-, 
and five-star rated hotels is listed in Table 36, Table 34, and Table 35, respectively.
The forecasted monthly demand in term of room nights available for Shanghai’s 
three-star rated hotels is listed in Table 25; and the estimated monthly optimal room 
capacity in term of room nights available for Shanghai’s four- and five-star rated hotels is 
listed in Table 29, and Table 33, respectively.
China
SPSS 15 was used for the part of the study that focused on China. Three time- 
series regression models were developed. Based on cost ratios derived from financial 
figures collected from China Hotel Industry Study (Haworth, 2007) and Yearbook of 
China Tourism Statistics (NTAPRC, 2007), the single-period inventory model was 
applied to estimate annual optimal capacity for China’s high-end hotel segments for 
future four years (Table 27 & Table 28). Further, future demand on China’s three-star 
rated hotels was forecasted for year 2008 through 2011 (Table 29).
Table 34
Estimated optimal capacity fo r  China’s 4-star rated hotels from  2008 to 2011 
(in room nights)
2008 2009 2010 2011
99,383,768 116,114,163 134,810,698 155,582,603
Note: the actual number of room nights available in 2006 was 105,827,370.
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Table 35
Estimated optimal capacity fo r  China’s 5-star rated hotels from  2008 to 2011
(in room nights)
2008 2009 2010 2011
39,931,719 46,479,594 53,796,969 61,926,593
Note: the actual number o f room nights available in 2006 was 42,034,860.
Table 36
Forecasted demand fo r  China’s 3-star rated hotels from  2008 to 2011 (in room nights)
2008 2009 2010 2011
16,6173,634 184,550,944 203,978,386 224,455,960
Note: the actual number of room nights available in 2006 was 218,436,075.
Shanghai
Like the steps for China, using SPSS 15, three time-series regression models were 
developed for Shanghai based on deseasonalied data from past forty-eight months. To 
reflect seasonal influences, seasonality component was added back into the forecasted 
future monthly demand by multiplying forecasted results from time-series regression 
model by adjusted monthly seasonal index for each hotel segment. After adjusted for the 
estimated extra demand from World Expo, the single-period inventory model was then 
applied to Shanghai’s four-, and five-star rated hotels to estimate future monthly optimal 
room capacity. The estimated future monthly optimal capacity for Shanghai’s four- and 
five-star rated hotels is listed in Table 31 and Table 32. However, because Shanghai’s
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three-star rated hotels have been having negative income before tax, the single-period 
inventory model couldn’t be applied to this hotel segment. Therefore, a simple 
seasonally adjusted future demand forecasting was performed for future forty-eight 
months. The extra demand from World Expo was also added into the forecast. Table 30 
shows the forecasted future demand for Shanghai’s three-star rated hotels.
Implications of the Study 
The findings o f the study were used in two ways. First, the results of Shanghai’s 
four- and five-star rated hotels were compared with expected future room capacity to 
reveal the possibility and magnitude of future under-development or over-development. 
However, due to limited availability of data, the comparisons were limited to Shanghai’s 
four- and five-star rated hotels. Second, based on results of the study, average optimal 
rates o f expansion were developed for Shanghai’s four- and five-star rated hotels. Since 
no optimal capacity was developed for three-star rated hotels, the forecasted future 
demand on China’s and Shanghai’s three-star rated hotels was used as a reference for 
future development.
China’s Three-. Four-, and Five-star Rated Hotels 
Table 25, Table 29, and Table 33 show that China’s mid-scale and high-end hotel 
segments have large room capacity and are likely to experience over-capacity. The actual 
room capacity o f high-end segments at the end of 2006, which were 105,827,370 room 
nights and 42,034,860 room nights, already exceed the estimated optimal capacity in 
2008, which are 99,383,768 room nights and 39,931,719 room nights for four- and five- 
star hotels, respectively. However, as the market demand has been increasing strongly
103
due to rapid growth in the tourism industry, the over-capacity problem will be relieved 
for China’s high-end hotels by 2009, provided that there are no more new hotel projects 
in future two years. Further, if  no more three-star hotels will open in China, the existing 
room capacity will be fully absorbed by the market in 2010.
However, China’s hotel industry, especially its high-end segments, has been 
expanding at a much faster rate than has the demand. Although the industry is over­
developed and has zero profitability (Table 5), China’s three-, four-, and five-star rated 
hotels have been expanding at average annual growth rates of 10.37%, 15.26%, and 
15.89% in past four years, respectively (NTAPRC, 2004 - 2007). Further, China has 
Asia’s largest hotel development pipeline, with over 300 new projects and 100,000 guest 
rooms (“Study: Chinese”, 2006).
One of the major causes for this is that investors and practitioners have been 
expecting the huge demand from the 2008 Beijing Olympic and the 2010 Shanghai 
World Expo, and a potential increase in the number of tourists visiting China after these 
two events. However, no scientific prediction can be made as to the influence o f these 
two events on the number of tourists in future.
No detailed comparisons were performed because the expected future hotel 
capacity was unknown. Further, the optimal rates of increase were not developed due to 
limited availability o f data. Time-series regression models for China’s hotel industry 
were developed based on the number o f room nights sold from 1992 through 2006, and 
used to forecast demand in 2008, 2009, 2010, and 2011. Since actual numbers o f rooms 
available for 2007 weren’t available, optimal rates of room increase couldn’t be
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developed. However, despite the limitations, the findings of the study suggest that both 
China’s high-end and mid-scale hotel segments need to develop with caution.
Shanghai’s Three-, Four-, and Five-star Rated Hotels 
Using expected room nights available for 2008, 2009, and 2010 obtained from An 
Analysis of Shanghai Hotel Industry (SMTAC, 2007), Table 37 and Table 38 were 
developed to show the comparisons between estimated monthly optimal room capacity 
and expected monthly room capacity from January, 2008 to December, 2010 for 
Shanghai’s high-end hotels.
If the current rates of increase in both market demand and hotel expansion remain 
the same, the demand will match the supply by September, 2009 and May, 2009 for 
Shanghai’s four- and five-star rated hotels, respectively. Based on the estimated optimal 
monthly room capacity, optimal monthly rates of growth starting from October, 2009 and 
June, 2009 to December, 2011, were calculated as 3.22% and 3.52% for four- and five- 
star hotels, respectively. The estimated optimal monthly rates of growth are slightly 
higher than the rates of increase of expected future hotel capacity in Shanghai. It appears 
that investors, practitioner, and Shanghai government have been planning conservatively 
to avoid over-development in Shanghai’s high-end hotel segment.
However, the findings of the study do show a slight overcapacity, which might be 
caused mainly by the recent construction boom in Shanghai’s hotel industry, which was 
planned to accommodate the demand from the 2010 World Expo visitors. However, it is 
nearly impossible and not reasonable to accommodate such a demand generated by over 
70 million visitors in a short-period of six months.
105
Table 37
Comparisons between Estimated Optimal Room Capacity and Expected Capacity
(Shanghai’s four-star rated hotels; in Number o f  Rooms)
Month
2008
Optimal Expected 
Capacity Capacity
2009
Optimal Expected 
Capacity Capacity
2010
Optimal Expected 
Capacity Capacity
Jan. 11,011 20,920 15,311 23,137 23,618 25,346
Feb. 10,175 21,105 14,273 23,321 22,052 25,531
Mar. 14,347 21,290 20,489 23,505 31,954 25,716
Apr. 14,887 21,475 21,490 23,689 33,619 25,901
May 13,621 21,660 19,845 23,873 52,015 26,086
Jun. 14,236 21,845 20,938 24,057 54,496 26,271
Jul. 13,963 22,030 20,718 24,241 53,509 26,456
Aug, 13,676 22,215 20,448 24,425 53,114 26,641
Sept. 16,671 22,400 25,161 24,609 61,324 26,826
Oct. 17,313 22,584 26,326 24,793 62,504 27,011
Nov. 19,070 22,768 29,191 24,977 46,143 27,196
Dec. 15,276 22,953 23,454 25,161 37,003 27,389
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Comparisons between Estimated Optimal Room Capacity and Expected Capacity
(Shanghai’s five-star rated hotels; in Room Nights)
Month
2008
Optimal Expected 
Capacity Capacity
2009
Optimal Expected 
Capacity Capacity
2010
Optimal Expected 
Capacity Capacity
Jan. 11,541 20,377 18,946 25,350 32,231 30,324
Feb. 11,150 20,791 18,424 25,765 31,297 30,738
Mar. 14,883 21,205 24,786 26,180 42,080 31,152
Apr. 16,173 21,619 27,085 26,595 45,902 31,567
May 15,691 22,033 26,396 27,010 63,977 31,982
Jun. 16,574 22,447 27,986 27,425 67,194 32,397
Jul. 15,995 22,861 27,087 27,840 64,906 32,812
Aug. 15,951 23,275 27,072 28,254 64,745 33,227
Sept. 19,294 23,690 32,811 28,668 74,853 33,642
Oct. 20,075 24,105 34,176 29,082 76,303 34,057
Nov. 22,268 24,520 37,928 29,496 62,996 34,472
Dec. 17,416 24,935 29,641 29,910 49,036 34,887
Table 37 and Table 38 imply that, to accommodate the extra Expo demand on 
high-end hotels, each of Shanghai’s four- and five-star rated hotels needs approximate 
20,000 more rooms, which is about the existing capacity. It is unwise to double the 
existing room capacity to accommodate a single mega-event in a short time period.
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The estimated monthly optimal rates of increase were developed without taking 
into consideration the extra demand from Expo visitors. Therefore, following the rates of 
growth won’t increase the capacity of Shanghai’s high-end hotels enough to 
accommodate the extra Expo demand. It is recommended that Shanghai needs to find 
some alternatives to accommodate Expo visitors rather than building more hotels.
Renting hotel rooms from nearby provinces, such as from Jiangsu and Zhejiang, will be a 
very effective and efficient alternatives because both provinces have fairly developed 
tourism industries and sufficient labor for a total of 200,000 star-rated hotel rooms, many 
of which are easily accessible from Shanghai with a newly developed highway system.
However, all the estimates developed in this study can only serve as a set o f brief 
guidelines or references for Shanghai’s hotel industry because Shanghai, the fastest 
developing city, changes daily. For example, with the newly signed contract between 
Shanghai government and Disney, Shanghai Disney is expected to open its doors in 2012, 
which will cause extra demand on Shanghai’s lodging industry.
Limitations
Limitations of this dissertation were mainly caused by a limited availability of 
data. This study mainly depends on the data from the Yearbooks o f China Tourism 
Statistics and Supplements. However, the NTAPRC has been preparing the Yearbooks 
differently from the customary way similar reports are prepared in the United States. 
Therefore, many frequently used simple financial indicators could only be obtained 
through complicated multi-step calculations or estimates.
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There are four major limitations in this dissertation. First, this dissertation 
assumes the monthly expeeted number o f guest rooms inerease o f Shanghai’s three-, 
four-, and five-star rated hotels in 2008, 2009, 2010, and 2011, whieh are used to 
eompare with the estimated optimal monthly eapaeity, is the monthly average o f annual 
inerease. Averaging the annual expeeted room eapaeity into months ignores the 
variations in the number of rooms in the market at different time of the year.
Seeond, to develop the time series regression models for estimating monthly 
demand for Shanghai’s three-, four-, and five-star rated hotels in 2008, 2009, 2010, and 
2011, the historieal monthly number o f rooms sold for the three hotel segments from 
January, 2004 to Deeember, 2007, were used as dependent variables for the regression 
analysis. The historieal monthly numbers of rooms sold were obtained by multiplying 
monthly oeeupaney rates by monthly number of room nights available. Monthly 
oeeupaney rates were eolleeted from publieations of the Shanghai Munieipal Tourism 
Administrative Commission. Monthly numbers o f room nights available from January, 
2004 to Deeember, 2006, were derived from Yearbooks o f China Tourism Statisties and 
Supplements (NTAPRC, 2005 - 2007) by averaging the annual numbers of room nights 
available. Similarly, monthly numbers of room nights available for three-, four-, and 
five-star rated hotels in Shanghai in 2007 were ealeulated by averaging the annual 
numbers of room nights available for the three hotel segments, whieh were released by 
the Shanghai Munieipal Tourism Administrative Commission. Averaging annual figures 
into months ignores the variations of number o f room nights available in the market at 
different times of the year.
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Thirdly, estimating the optimal eapaeity for China’s lodging eapaeity, the under 
eost and over eost used to ealeulate eost ratios in single-period inventory models were 
developed based on the information provided by the China Hotel Industry Study (2007) 
and the Yearbook (2007). However, while estimating the optimal capacity for 
Shanghai’s lodging industry, the same ratios were used due to limited availability of data. 
The China Hotel Industry Study only provides fmaneial information o f China’s lodging 
industry. Therefore, the nation’s average ratios were used for Shanghai’s lodging 
industry.
A fourth limitation is that this dissertation didn’t include budget hotels, although 
it has become one important segment of China’s hotel industry. The hotel segment has 
been expanding rapidly, with a 100% annual rate of increase in the past two years in 
terms of brands and rooms (China Hotel Assoeiation, 2007), and it plays a very important 
role in China’s hotel industry in aeeommodating the demands generated from the fast 
inerease of domestie tourism. It is the fastest growing hotel segment in Chinese market 
in reeent years (Sohu Travel, 2007). Budget hotels provide similar serviees as low-end 
hotels with less expensive room rates, and are expected to take over the low-end market 
and substitute one- and two-star rated hotels (Sohu Travel, 2007). However, it was 
expected that this limitation didn’t affect this study significantly because budget hotels’ 
main eompetitors are one- and two-star rated hotels (Sohu Travel, 2007), and do not share 
the same market with high-end and mid-scale properties. In other words, it is expeeted 
that the estimations made in this dissertation were based on the portion of market demand 
that wouldn’t be affeeted by the inereasing eapaeity of budget hotels in Chinese market.
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Suggested Future Studies
Sinee the first budget hotel opened its doors in China in 1997, China’s budget 
hotel segment has been expanding rapidly to meet the inereasing demand. By the end of 
2007, China has 1,689 budget hotels, and the number of guest room has reaehed 180,000; 
and Shanghai alone has 286 properties, or 30,000 guest rooms (ResearehlnChina, 2007). 
Some famous brands are Star of Jinjiang, Home Inn, Super 8, and 7 Days. Home Inn, a 
loeal brand went publie in NASDAQ in Oetober, 2006 (ResearehlnChina, 2007).
Compared to traditional hotels, budget hotels provide a fairly new service concept 
in the Chinese market. Unlike other star-rated hotels, budget hotels focus on providing 
guests with basic but comfortable lodging services. Without spacious and well decorated 
lobbies, fine dining restaurants, or fitness centers, budget hotels usually require 
comparably lower capital investment, which directly contributes to the inexpensive room 
rates (Xinhuanet, 2005). In addition, budget hotels usually provide free Internet service 
and basic business assistance, such as fax machine and copier. Therefore, budget hotels 
attract not only increasing numbers o f Chinese domestic tourists, but also business 
travelers, especially in major cities, such as Shanghai and Beijing. Budget hotels have 
been expanding especially fast in big cities. For example, the annual rate o f increase in 
Shanghai in the past two years reached 100% (ResearehlnChina, 2007). Indeed, the 
budget hotel segment has become an important part of the Chinese lodging industry. 
However, its fast expansion somehow starts showing possible overdevelopment that will 
not only affect budget hotel segment itself but also negatively affect China’s mid-scale 
and low-end hotel segments and make the existing over-capacity problem even worse. 
HomeInn, the pioneer and China’s only budget hotel company that is publicly traded in
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u s  stock market, reported loss the first quarter of 2008, the first time in its history. 
Therefore, a future study on supply and demand o f China’s budget hotel segment will 
provide investors and practitioners with a better understanding of China’s hotel industry.
A further study on demand and supply is suggested for three-star rated hotels. It 
is expected that the demand for China’s three-star rated hotels will experience a big 
increase. The Chinese government recently selected the three-star rated hotel segment as 
its main source of hotel supply for purposes of travel and conferences for its officials 
(Xinhua, 2008). Considering the size and population of the country, it is expected that 
this decision will bring this particular hotel segment a very good opportunity to increase 
its profitability or for future development. However, should the hotel segment expand or 
stay put to take this opportunity to recover from decades of loses? A future study might 
be able to answer this question and provide some guidelines for the development o f this 
hotel segment.
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